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IMPROVED Colorant Stabilizfrs 

Technical Field 

The present invention relates to a family of colorani stabilizers. The 
colorant stabilizers, according to the present invencion. are capable of 
stabilizing a colorant when it is exposed to electromagnetic radiation. 

Background of the Invention 

A major problem with colorants is that they tend to fade when 
exposed to electromagnetic radiation such as sunlight or artificial light and 
the like. It is believed that most of the fading of colorants when exposed to 
light is due to photodegradaiion mechanisms. These degradation 
mechanisms include oxidation or reduction of the colorants depending upon 
the environmental conditions in which the colorant is placed. Fading of a 
colorant also depends upon the substrate upon which they reside. 

Product analysis of stable photoproducts and intermediates has 
revealed several important modes of photodccomposition. These include 
electron ejeciion from the colorant, reaction with ground-siate or excited 
singlet state oxygen, cleavage of the central carbon-phenyl ring bonds to 
form amino substituted benzophenones. such as iriphenylmethane dyes, 
reduction to form the colorless leuco dyes and electron or hydrogen atom 
abstraction to form radical intermediates. 

Various factors such as temperature, humidity, gaseous rcactants, 
including O2. O3, SOo. and NO2. and water soluble, nonvolatile 
phoiodegradation products have been shown to influence fading of 
colorai]ts. The factors that effect colorant fading appear to exhibit a certain 
amount of interdependence. It is due to this complex behavior that 
ob.servaiions for the fading of a panicular colorant on a panicular substrate 
cannot be applied to colorants and substrates in general. 

Under conditions of constant temperature it has been observed that 
an increase in the relative humidity of the atmosphere increases the fading of 
a colorant for a variety of colorant-substrate systems (e.g., McLaren, K., / 
Soc. Dyers Colour^ 1956, 72, 527). For example, as the relative humidity 
of the atmosphere increa.ses, a fiber may swell because the moisture content 
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of the fiber increases. This jids diffusion of gaseous reactants through ihe 
substrate structure. 

The ability of a light source to cause photochemical change in a 
colorant is also dependent upon the spectral distribution of the hght source, 
in particular the proportion of radiation of wavelengths most effective in 
causing a change in the colorant and the quantum yield of colorant 
degradation as a function of wavelength. On the basis of photochemical 
principles, it would be expected that light of higher eneray fshon 
wavelengths) would be more effective at causing fading than light of lower 
energy (long wavelengths). Studies have revealed that this is not always the 
case. Over 100 colorants of different classes were studied and found that 
generally the most unstable were faded more efficiently by visible liehi 
while those of higher lightfastness were degraded mainly by ultraviolet lichi 
(McLaren, K., J. Soc. Dyers Colour. 1956. 72. 86). 
13 Theinfl uence of a substrate on colorant stability can be extremely 

imponani. Colorant fading may he retarded or promoted by some chemical 
group within the substrate. Such a group can be a ground-state species or 
an exciied-siate species. The porosity of the substrate is also an important 
factor in colorant stability. A high porosity can promote fading of a colorant 
by facilitating penetration of moisture and gaseous reactants into the 
substrate. A substrate may also act as a protective agent by .screening the 
colorant from light of wavelengths capable of causing degradation. 

The purity of the substrate is also an important consideration 
whenever the photochemistry of dyed technical polymers is considered. 
For example, technical-grade cotton, viscose rayon, polvethylene. 
polypropylene, and polyisoprene are known to contain carbonyl group 
impurities. These impurities absorb light of wavelengths greater than 300 
nm, which are present in sunlight, and so, excitation of these impurities 
may lead to reactive species capable of causing colorant fading (van Beck, 
30 H.C.A.. CoL Res. AppL, 1983. 8(3). 176). 

Therefore, there exists a need for methods and compositions which 
are capable of stabilizing a wide variety of colorants from the effects of both 
sunlight and anificial light. 



20 
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Summary of llie Invention 

The present invention addresses the needs described above bv 
providing compositions and meihodii for stabilizing colorants againsi 
radiation including radiation in the visible wavelength range. 
5 The present invention also relares to colorant compositions havinc 

improved stability, wherein the colorant is associated with a colorant 
stabilizer. In one embodiment, the colorant stabilizer of the present 
invention is an arylimineaJkene havinc the follovvini: general lormula' 

II \ ^2 

I 

10 wherein Rj is hydrogen, an alky), alkcnyl. cycloalkyL 

hcterocycioalkyl, aryl, heteroaryl group, or substituted ar>i group; 

R2 is hydrogen, an aikyl. alkenyl, cycloalkyl. heterocycloalkyl. 
aryl, heicroarv'l group, or substituted ar\i group; 

R3 is hydrogen, an aikyl, alkenyl, cycloalkyl, heierocycloalkvl. 
I ^ iJryL heteroaryl group, or substituted ar\i group; 

R4 is hydrogen, an aikyl, alkenyl. cycloalkyl. hcterocycioalkyl. 
aryl, heteroar>'l. or substituted aryl group; and 

R5 is an aryK heteroan'l, polyaikene. or substituted ar\l group; 
wherein Rj, R2, or R4 are an aryl. heieroar>'l, or substituted ar\-l group. 
20 Desirably, the alkenc group is in the trans configuration. 

In another embodiment of the present invention, heavy atoms are 
added to conventional dyes to stabilize the dyes. These heavy atoms include 
Group VII ions including iodide ions. It has further been determined thai 
the counierion is desirably a large ion with a relatively low charge density. 
25 These counterions should be sodium or larger. The counterions also 

include relatively large organic counterions such as tetramethylammonium. 

In yet another embodiment of the present invention, highly effective 
dye stabilizers include derivatives of phenols with the following general 
formula: 



wo 9'.:ooou 



ITT l SH.\9\f>^ 



4 




wherein R\ i.s iodine, or jn alkyi group having between 1 and 5 carbon 
atoms; 

Ri is an iodine, or an alkyi group having between I and 5 carbon atoms; 
3 R3 is iodine, or an alkyi croup having between I and 5 carbon atoms; and 

R4 is a sugar, polyhydroxy compound, sulfonic acid salt compound, 
carboxylic acid salt compound, polyether compound, or hydrogen, wherein 
the sugar includes, but is not limited to. glucose, fructose, polyether sucars, 
monosaccharides, polysaccharides, cyclodexirins. including but not limited 

10 to. a-cyclodextrin. p-cyclodextrin, 7-cyclodextrin. hydroxypropy 1 P- 

cyclodextrin. hydroxyethyl [5-cyclodextrin. hydroxyethyl a cyclodextrin. 
carboxymethyl a cyclodextrin, carboxyinethy I [i cyclodextrin. 
carboxymethyl y cyclodextrin, octyl succinaicd a cyclodextrin. octv{ 
succinated p cyclodextrin. octyl buccinaied y cyclodextrin and sultaied p 

15 cyclodextrin and sulfated y-cyclodextrin. In particular, the iriiudophenols 

and trimethylphenols and the water soluble derivatives thereof are 
particularly effective in stabilizing a wide variety of dyes. 

In yet another embodiment, the colorant stabilizer of the present 
invention is a reducing agent. The reducing agent includes, but is no* 

20 limited to, sodium ihiosuifatc tNa2S203), judium sulfiie (Na2S03;. 

cysteine, sodium nitrite, sodium phosphite, and citric acid. A desired 
reducing agent is sodium thiosulfaie. In this embodiment, the stabilizer may 
be admixed with the colorant, or it may be applied to a substrate to which 
the colorant will he applied. Although the reducing agent alone stabilizes a 

25 colorant, it is desirable that the reducing agent is combined with one or more 

of the above stabilizers. 

In another embodiment, the colorant stabilizer of the present 
invention is a molecular includani having a chemical structure which defines 
at least one cavity. The molecular includant may be on or in a substrate to 

30 which the colorant will be applied, or it may be present in a colorant 

solution. The molecular includant may be, hut is not limited to, clathrates. 
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zeolites, crown ethers, culixarencs. vaiinoniycin type natural antibiotics, 
variou.s polyeiher compounds, nigericin type natural antibiotics, and cyclic 
compounds containing a plurality of pyrano.se rings. The cyclic compounds 
include, but arc not limited to, cyclodextrins such as a-cyclodextrin, 
cyclodextrin, y-cyclodextrin, 5-cyclodextrin. and derivatives thereof. A 
desired molecular includant is cyclodcxirin. A more desired molecular 
includant is y-cyclodextrin. Desirably, the molecular includant is present on 
or in the substrate co which the colorant will be applied. 

The substrates to which the colorant stabilizers are applied include, 
but are not limited to, paper, wood, a wood product or composite, woven 
fabric, nonwoven fabric, textile, plastic, glass, metal, or any other substrate 
that would beneHi from having a stabilized colorant thereon. 

Although the molecular includant in or on the substrate stabilizes a 
cotorant that is applied thereto, it is desirable that the colorant is combined 
with one or more of the above stabilizers, .Additionally, in the embodiment 
where the molecular includant is present in a colorant .solution, the colorant 
stabilizing molecules can be associated with one or more molecular 
includanis. Additionally, the includants can have multiple colorant 
stabilizing molecules associated therewith. In some embodiments, the 
colorant is at least partially included within a cavity of the molecular 
includant and the colorant stabilizing molecules arc associated with the 
molecular includant outside of the cavity. In some embodiments, the 
colorant stabilizing molecules are covalenily coupled to the outside of the 
molecular includant. 

in another embodiment, a colorant stabilizer, such as a molecular 
includant. is present in a polymer coating of a heat transfer product, such 'd^ 
is used for transferring graphic images onto clothing. 

In another embodiment, a colorant stabilizer contains porphines that 
have an extremely short triplet state lifetime. (See e.g.. Kubat, et al., 
Photophysical properties of metal complexes of meso-tetrakis (4- 
sulphonatophenyl) porphyrin. J. Photochem, and Phoibio. A: Chemistry 
f 1996), pgs 93-97 which is incorporated herein by reference). .An example 
or such a porphine is represented by Cu-mcso-ietra-(4.sulfanatophenyl)- 
porphine (designated CuTPPS4) and Cu-mcso-tetra-(N-meihyl-4-pyridy!)- 
porphine, having the following structures: 
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and 




wherein the copper ion can also be substiiuicd with a cobalt ion. Other 
metal ions can be substituted in the porphine molecule as long as the 
molecule has a relatively short-lived triplet state. 

The colorant stabilizing additive can also optionally be dimethyl 
amino benzoic acid quai (designated DMABAQk represented by the 
following structure: 
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The colorant stabilizing additive can also optionally be a basic fuschin 
hydrazone, represented by the following structure: 




5 . In addition, the colorant stabilizing additive uf this invention is a 

benzophenone, of the general formula: 




wherein R represents any substituents which permit the 
benzophenone to function as a colorant stabilizer. 

10 Accordingly, each of these embodiments of the present invention 

provide stabilizing molecules that, when one or more of the stabilizing 
molecules are associated with a colorant, stabilizes the colorant. Therefore, 
the stabilizing molecules can be used as an additive to any colorant 
composition. For example, as cenain of the stabilizing molecules arc poorly 

15 soluble in water, they can be directly added to solvent or oil based (not 

water based) colorant compositions. Additionally, the stabilizing molecules 
can be added to other colorant compositions that contain additives enabling 
the solubilization of the stabilizing molecule therein. Further, the stabilizing 
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molecules can be solubi'tzed in an aqueous solution by atiachins the 
molecule to a large water soluble molecule, such as a cyclodcxirin. 

The colorant stabilizers arc particularly effective in ink jet inks. Use 
of the colorant siabilizerb. as described herein, intensifies the colors and 
5 stabilizes the colors when exposed to light. Additionally, the colorani 

stabilizers are particularly effective in paper such as ink jet paper. Use of 
the colorant stabilizers in a substrate, as described herein, stabilizes a 
colorant lo which it is applied. Also, colorant stabilizers in a substrate has 
been found to have the unexpected result of reducing the yellowing of the 
1 0 substrate itself upon exposure to light. 

These and other features and advantages of the present invention 
will become apparent after a review of the following detailed description of 
the disclosed embodiments and the appended claims. 

15 Detailed Description of the Invention 

This application is directed to compositions and methods for 
stabilizing colorants against radiation including radiation in the visible 
wavelength range. The compositions and methods relating to stabilizing a 
colorant by admixing a stabilizing molecule with a colorant solution will 
20 first be addressed below. Sub.sequently, the compositions and methods 

relating to stabilizing ii colorant by applying the colorant to a treated 
substrate containing a stabilizing molecule will be discussed. 

AUmLxing Stabilizifig Molecules Into Colorant Solutions. 

25 The present invention relates to colorant compositions having 

improved stability, wherein the colorant stabilizer is associated with a 
colorant solution. Desirably, the colorant stabilizer is admixed with a 
colorant solution. The colorant stabilizer is desirably an aryliminealkene 
compound. Other desired colorant stabilizers are heavy atoms such as the 

30 iodide ion and phenol derivatives such as triiodophenol, trimethylphenol. 

and derivatives thereof. Additional colorant stabilizers include reducing 
agents such as sodium thiosulfate. Furthermore, colorant stabilizers include 
porphines. hydrazones, and bcnzophenones. The colorant stabilizers of the 
present invention are admixed with a colorant to stabilize the colorant when 
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the admixture is exposed to electruniagneiic radiation such as artificial lishi 
or sunlight. 

The present invention further reiates to a method of stabilizing a 
colorant comprising associating one or more of the colorant stabilizers with 
5 the colorant solution. Optionally, the colorant stabilizer may be associated 

with a molecular inciudant. 

The present invention is panicularly useful for stabilizing inks to be 
used in ink jet printers. Inks used in ink jet printers are described in U.S. 
Patent Application No. 08/461,365 ;iled n June 5. 1995. which is 
10 incorporated herein by reference. 

Thus, in one embodiment, the aryliminealkene stabilizing 
composition is shown bv the followinu ecneral formula: 

N 
I 

wherein Ri is hydrogen, an alkyl. alkonyl. cycloalkyL 
1 5 hcterocycloalkyl, aryl, heteroar>'l group, or substituted aryl group: 

Ro is hydrogen, an alkyl. alkenyl. cycloalkyl. hcterocycloalkyl. 
aryl. heteroaryl group, or substituted aryi group; 

R3 is hydrogen, an alkyl. alkenyl. cycloalkyl. heterocycloalkyi. 
aryl. heteroaryl group, or substituted ar>l group: 
20 R4 is hydrogen, an alkyl. alkenyl, cycloalkyl, hcterocycloalkyl. 

aryi, heteroar^'l, or substituted aryl group: and 

R5 is an aryl, heteroaryl, or substituted ar\i group: 

wherein R\, R2, or R4 are an ar^'I, heteroaryl, or substituted ar\'l 

group. 

25 Desirably, the alkene group is in the trans configuration. 

Desirably, the aryliminealkene stabilizing compound has the 
following formula. 

N 



or 
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N 




II 

H=CH — C— CH3 



or 




C-CH=CH-CH3 



10 



15 



20 



Accordingly, ihis embodiment of the present invention provides a 
stabilizing molecule, the above ar\^liminealkene. which when associated 
with a colorant, stabilizes the colorant. Therefore, the above 
ar\'liminealkene can be used as an additive to any colorant composition. For 
example, as certain of the aryliminealkene compounds are poorly water 
soluble, ihey can be directly added to solvent or oil based (not water based) 
colorant compositions. Additionally, the aryliminealkene compound can be 
added to other colorant compositions that contain additives enabling the 
solubilization of the compound therein. Further, the aryliminealkene 
stabilizing compounds can be solubilized in an aqueous solution by 
associating the compound with a large water soluble molecule, such as a 
cyclodextrin. 

The term "composition" and such variations as '^colored 
composition" arc used herein to mean a colorant and one or more colorant 
stabiiizers of the present irivemiou. The con^pcsiiicn cur- optioriully include 
molecular includant. 

As used herein, the term "colorant" is meant to include, without 
limitation, any material which typically will be an organic material, such as 
an organic colorant or dye. The term is meant to include a single material or 
a mixture of two or more materials. 

The term "light-stable" is used herein to mean that the colorant, 
when associated with one of the colorant stabilizing molecules of the present 
invention, is more stable lo electromagnetic radiation, including, but not 
limited to, sunlight or artificial light, than when the colorant is not 
associated with such a compound. 
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The lerm "molecular includant," as used herein, is iniended to mean 
uny substance having a chemical structure which defines at legist one cavity. 
Thai is. the molecular includant is a cavity-containing structure. As used 
herein, the term **cavity" is meant to include any opening or space of a size 
5 sufficient :o accept at least a portion of the colorant. 

The term 'Tunctionalized molecular includant" is used herein to mean 
a molecular includant to which one or more molecules of a colorant 
stabilizer arc covalenily coupled to each molecule of the moiecular includant. 
The term "degree of substitution" is used herein lo refer to the number of 
10 these molecules or leaving groups (defmed below) which are covalently 

coupled to each molecule of the molecular includant. 

The term "derivatized molecular includant" is used herein to mean a 
molcc-jiar includant having more than two leaving groups covalenily 
coupled to each molecule of molecular includant. The term "leaving group" 
15 is used herein to mean any leaving group capable of pariicipaiing in a 

bimolecular nucleophilic substitution reaction. Examples of molecular 
includanis include, but are not limited to. the cyclodextrins. 

The term "artificial light" is used herein lo mean light havine a 
relatively broad bandwidth thai is produced from conventional light sources. 
20 including, but not limited to, conventional incandescent light bulbs and 

fluorescent light bulbs. 

The term ''thereon" is used herein to mean thereon or therein. For 
example, the present invention includes a substrate having a colored 
composition thereon. According to the definition of "thercoii" ihc colored 
25 composition may be present on the substrate or it may be in the substrate. 

In several embodiments, the colorant stabilizer may be optionally 
associated with a molecular includant. It is to be noted that in all the 
compositions that contain a molecular includant. the number of such 
stabilizer molecules can be between approximately 1 and approximately 2 1 
30 molecules per molecular includant. Of course, in certain situations, there 

can be more than 21 molecules per molecular includant molecule. Desirably, 
there are more than three of such stabilizer molecules per molecular 
includant. 

The degree of substitution of the functionalized molecular includant 
35 may be in a range of from 1 to approximately 21. As another example, the 
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degree of substitution may be in n range of from 3 to about 10. As a funher 
example, the degree of substitution may be in a range of from about 4 to 
about 9- 

In some embodiments of the present invention, the colorant is 
associated with the molecular includant. The term "associated" in its 
broadest sense means that the colorant is at least in close proximity to the 
molecular includant. For example, ihc colorant may be maintained in close 
proximity to the molecular includant by hydrogen bonding, van der Waals 
forces, or the like. Alternatively, the colorant may be covalenily bonded to 
the molecular includani. although this normally is neither desired nor 
necessary. As a further example, the colorant may be at least partially 
included within the cavity of the molecular includant. 

The dye or colorant, for example, may be an organic dye. Organic 
dye classes include, by way of illustration only, triaryimethyl dyes, such as 
Malachite Green Carbinol base | 4-(dimethy lamino)-a - ( 4 - 
(dimethylamino)phcnyl]-nt-phcnyl-benzene-methanol 1 . Malachite Green 
Carbinol hydrochloride ( N-4-[(4-(dimethylamino)phenyllphenyl- 
melhylene]-2.5-cyclohexyldien-l-ylidene)-N-melhyl-metha^aIninium 
chloride or bisL/?-(dimethylamino)phenyl]phenylmethylium chloride ), and 
Malachite Green oxalate { N -4- ([4-( dimethyl ami no )-pheny 1]- 
phenylmethylcne]-2,5-cyclohexyldien-l-ylidenel-N-methyI-meihanaminium 
chloride or bis[/)-(dimethylamino)-phenyl]phenylmethylium oxalate); 
monoazo dyes, such as Cyanine Black, Chrysoidine [Basic Orange 2; 4- 
(phenylazo)-l.3-benzenediamine monohydrochloridel, Victoria Pure Blue 
BO, Victoria Pure Blue B, basic fuschin and B-Naphthol Orange; thiazine 
dyes, such as Methylene Green, zinc chloride double salt [3,7- 
bis(dimeihylamino)-6-nitrophen9ihia2in-5-ium chloride, zinc chloride 
double salt]; oxazinc dyes, such as Lumichrome (7,8-dimethylaJloxazine); 
naphthalimide dyes, such as Lucifer Yellow CH |6-amino-2-[ihydrazino- 
carbonyl)aminol-2.3-dihydro- 1 ,3-dioxo- 1 H-ben2[dcliso-quinoline-5,8- 
disulfonic acid dilithium salt); azine dyes, such" as Janus Green B (3- 
(dielhylamino)-7-[[4-(dimethyl-amino)phenyl]a2o]-5*phenylphena2inium 
chloride I ; cyanine dyes, such as Indocyanine Green ICardio-Green or Fox 
Green; 2-[7-(l,3-dihydro-l,l-dimeihyl-3-(4-sulfobutyl)-2H-benz(e]indol- 
2-ylidene]- 1 ,3,5-heptatricnyl]- 1 . 1 -dimethyl-3-(4-sulfobutyl)- 1 H- 
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benz[e]indolium hydroxide inner sail sodium salt I: indigo dyes, such us 

indigo (Indigo Blue or Vai Blue 1; 2-{ L3-dihydroo-oxo-2H-indol-2- 

ylidene)-1.2-dihydro-3H-indol-3-onel : coumarin dyes, such as 7-hydroxy- 

4-melhyl-counnarin (4-methylumbelliferone); benzimidazole dyes, such as 

Hoechst 33258 [bisbenzimide or 2-(4-hydroxyphenyI)-5-(4-methyl- 1 - 

piperazinyl)-2,5-bi-l H-benzimidazole irihydro-chloride peniahydratcl; 

paraquinoidal dyes, such as Hematoxylin {Natural Black 1; 7.11b- 

dihydrobenz[b)-indeno( i .2-dlpyran-3.4.6a,9 J0f6H)-peniol ) : tluorcsccin 

dyes, such us Fluoresceinamine (5*aminonuoresceinj; diazonium salt dyes, 

such us Diazo Red RC (Azoic Diazo No. 10 or Fast Red RC salt; 2- 

melhoxy-5-chlorobenzenediazonium chloride, zinc chloride double salt); 

azoic diazo dyes, such as Fast Blue BB salt (Azoic Diazo No. 20; 4- 

benzoylanaino-2,5-diethoxy-benzene diazonium chloride, zmc chloride 

double salt); phenylenediamine dyes, such as Disperse Yellow 9 [N-(2,4- 

dinitrophenyl)-l,4-phenylenediaminc or Solvent Orange 53 j; diazo dyes. 

such as Disperse Orange 13 [Solvent Orange 52; l-phenylazo-4-(4- 

hydroxyphenylazo)naphthalene]; anlhra-quinone dyes, such as Disperse 

Blue 3 [CcUiton Fast Blue FFR; l-methylamino-4-(2-hydroxyethylaimno)- 

9,10-anthraquinone], Disperse Blue 14 [Cellicon Fust Blue B; 1.4- 

bis{methylamino)-9,10-anthraquinonej, und Alizarin Blue Black B 

(Mordant Black 13); trisazo dyes, such as Direct Blue 7 1 | Benzo Light Blue 

FFL or Sirius Light Blue BRR; 3-[(4-[(4-{(6-amino-l-hydroxy-3-sulfo-2- 

naphihalenyl )azo]-6-sulfo- 1 -naphthaleny l)-azo)- 1 -naphthaJenyl lazo]- 1 ,5- 

naphthalenedisulfonic acid leirasodium salt); xanihcne dyes, such as 2,7- 

dichloro-fluorcscein; proflavine dyes, such as 3,6-diaminoacridine 

hemisuifate (Proflavine); sulfonaphthalein dyes, such as Cresol Red (o- 

cresolsulfonaphthalein); phthalocyanine dyes, such as Copper 

Phthalocyaninc {Pigment Blue 15; (SP-4-l)-[29H.3IH-phthalocyanato(2-}- 
30 31 32 

N" ,N ,N ,N ]copper}; carotenoid dyes, such as trans-B-carotene 
(Food Orange 5); carminic acid dyes, such as Carnrune. the aluminum or 
calcium-aluminum- lake of carminic acid (7-a-D-glucopyranosYl-9,10- 
dihydro-3.5,6,8-leirahydroxy-l-methyl-9.10-dioxo-2-anthracenc- 
carbonylic acid); azure dyes, such as Azure A [3-amino-7- 
(dimethylamino)phenothiazin-5-ium chloride or 7-{dimethyl-amino)-3- 
imino-3H-phcnothiazinc hydrochloride); and acridine dyes, such as 



20 



Acridine Orange (Basic Orange 14; 3,8-bistdimethylamino)acridine 
hydrochloride, zinc chloride double saltj and Acriflavme (Acriflavine 
neutral; 3.6-diamino- lO-mcthyiacridinium chloride mixture with 3.6- 
acridine-diamine). 

In preparing the aryliminealkene colorant stabilizer of the present 
invention, one can, for example, start with a chalcone which is represented 
by the following formula: 




It is to be understood that the phenyl groups on the chalcone can be 
10 substituted with a wide variety of subsiituents. The chalcone is then reacted 

with a primar>* amine having the following general formula: 

NH2-R 

wherein R is an aryl. heieroaryl. or substituted aryl group. A desirable 
primary amine is 2 amino benzene sulfonic acid. The reaction is carried out 
15 in a nonaqueous solvent such as absolute alcohol. The resulting compound 

has the following general structure: 

R 
I 

N 

=CH 




Accordingly, the colorant siahil izer of the present invention is an 



uTv lira: neu Ike ne havii^s ;hc fallov;ing ucner::' fcnr^u!::: 

V ' 

N 
II 

R,— C-CH=CH— 



wherein if Rj is an aryl group, then R2 is a hydrogen; heterocyclic; alkyl; 
aryl, or a phenyl group, the phenyl group optionally being substituted with 
an alkyl, haJo, amino, or a thiol group; and if Ro is an aryl group, then R j 
is hydrogen; heterocyclic; alkyl; aryl, or a phenyl group, the phenyl group 
25 optionally being substituted with an alkyl. halo, amino, or a thiol group. 

R3 is an arvK heterparyl, or substituted aryl group. Desirably, the alkene 
group is in the trans configuration. 



V 
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Desirably, the aryliminealkc.ic stabilizing compound has the 
following formula: 




The SO3H group can be in the onho. meta or pura position. 
Yet another embodiment of the aryliminealkene compound is an 
iminc adduct of basic fuschin and is shown in the following formula: 

NH: 
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The imine adduct of basic fuschin can be synihesized according lo Example 
7 below. 

In the embodiment where the aryliminealkene compound is 
covalenily attached to another molecule, whichever R| or R2 that is an an'l 
group will have a group including, but not limited to. a carboxylic acid 
group, an aldehyde group, an amino group, a haloalkyl group, a hydroxy! 
group, or a thioalkyi group attached thereto to allow the aryliminealkene to 
be covalently bonded to the other molecule. Accordingly, the 
aryliminealkene stabilizing compound is represented by the following 
formula: 



or 



HOOC 




R 

I 

N 



H=CH — C 



n 




I 

N 



HOOC — (|^^^CH=CH — C— CH3 



or 



15 
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or 



COOH 



HOOC 




R 
I 

N 



C-CH=CH-CH3 



wherein R is an aryl, heteroaryK or substituted arv'l group. Although it is 
preferred that the group attached to the orv'l group is para to the remainder of 
the stabilizer molecule, the group may idso be onho or mcta to the remainder 
of the molecule. 

Accordingly, this embodiment of the present invention provides a 
stabilizing aryliminealkene which, when associated with a colorant, 
stabilizes the colorant. Therefore, the above ar\'liminealkenes can be used 
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as iin additive to any colorant composition. For example, it the 
ar\'!iminealkene compound is nut water soluble or is poorlv water soluble, ii 
can be directly added to solvent or oil colorant compositions. Additionally, 
the aryliniinealkene compound can be added to other colorant compositions 
5 that contain additives enabling the solubilization of the compound therein. 

This embodiment provides a method for stabilizing a colorant by 
admixing the aryliminealkene compound with the colorants in an amount 
effective to stabilize the colorant. The arv'liminealkene desirably should be 
present in the colorant solution at a concentration of appro.vimatelv 0.1 ro 

10 507c by weight, desirably between approximately 209c anc 30Cr by weisht. 

In other words, the arv'liminealkene should be equivalent in concentration to 
the colorant or should be at a higher concentration than the colorant. \\ nn 
cyclodextrin or cerivatized cyclodextrin is used, the desirable rani^e is 
approximately 1 part dye to approximately 20 pans arv'limi.-.eaJkene. 

15 Although the ar>*Iiminealkene compound need only he associated 

with the colorant, in some embodiments of the presen: invention, the 

aniimineaLkene compound may be covalently bonded to the colorant. 

Another embodiment of the present invention is arruno sulfonic acid 

represented by the following formula: 

NH: 

Jv. ^SO-,H 

The SO3H group can be in the ortho. meta or para position. 
Another embodiment of colorant stabilizers include derivatives of 
phenols with the following general formula: 

.R, 



OR4 



3 

25 wherein R\ is iodine, or an alkyl group having between 1 and 5 

carbon atoms; 

R2 is an iodine, or an alkyl group having between I and 5 carbon 

atoms; 
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R3 is iodine, or an alkyi group having between 1 and 5 carbon 
atoms: and 

R4 is a hydrogen, sugar, polyhydroxy compound, sulfonic acid salt 
compound, carboxylic acid salt compound, polyether compound, or 
hydrogen, wherein the sugar includes, but is not limited to, glucose, 
fructose, polyether sugars, monosaccharides, polysaccharides, 
cyclodextrins, including but not limited to, a-cyclodextrin, (3-cyclodextrin. 
y-cyclodextrin, hydroxy propyl 3-cyclodextrin. hydroxyethvl (J- 
cyclodexirin, hydroxyethyl a cyclodexirin, carboxymeihyi a cyclodextrin. 
carboxymethyl (5 cyclodextrin, carboxymethyl y cyclodexirin, octvl 
succinated a cyclodexirin. octyl succinated (i cyclodexirin. octyl succinated 
y cyclodextrin and sulfated [J cyclodexirin and sulfated y-cyclodextrin. 

The phenol derivatives arc desirably added to the colorant solution at 
a concentration of between 0.5 and 10 molar equivalenis 10 the 
concenU'ation of the colorant. 

A desired colorant stabilizer is triiodophenol (Aldrich). The 
triiodophenol has the following formula: 



The iriiodophcnolates are desirably added to the coiprant solution at a 
CQcicentration of between 0.5 and 10 equivalents to the concentration of ihe 
colorant. 

A desired colorant stabilizer includes trimeihylphenol and derivatives 
thereof. The irimethylphenols have the following formula, wherein one or 
more of the methyl groups may be substituted with another alkyl or alkenyl 
group: 





CH3 



CH3 
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The irimelhylphenols are desirably added !0 the colorant solution at a 
concentration of between 0.5 and 10 equivalents to the concentration of the 
colorant. Similarly, another desired colorant stabilizer is iriiodophenol. 
which is desirably added to the colorant solution at a concentration of 
5 between 0.5 and 10 equivalents to the concentration of the colorant. 

Further, the water solubility of the stabilizing compounds, including 
but not limited to the aryliminealkenes or triiodophenols or the 
trimeihvphenols. can be increased by a variety of means. The desirable 
means of increasing the water solubility of the phenol-based stabilizing 
10 compounds is to add a water soluble moiety to the hydroxyl group on (he 

phenol. In this embodiment. R4 of the above phenol figure is a sugar, 
polyhvdroxy compound, sulfonic acid salt compound, carboxylic acid salt 
compound, or polyether compound, wherein the sugar mcludes. but is not 
limited to. clucose. fructose, polyether sugars, monosaccharides, 
1 5 polysaccharides, cyclodexirins. including hut not limited to. a-cyclodcxirm, 

P-cyclodextrin. 7-cyclodextrin. hydroxypropyl l5-cyclodextrin, 
hydroxvethvl p-cyclodextrin. hydroxycthyl a cvclodextrin. carboxymethyl 
a cyc'lodextrin. carboxymethyl p cyclodextrin. carboxymethyl 7 
cvclodextrin, octyl succinated a cvclodextrin. octyl succinated P 
20 cvclodextrin. octyl succinated ycyclodextrin and sulfated P cydodextnn and 

.sulfated Y-cyclodcxtrin. 

Accordingly, in one embodiment of the present invention the means 
of increa.sinc the water solubility of the stabilizing compounds of the pre.seni 
invention is to react the phenol with a sugar, to produce the following 
25 representative compounds: 



CH 



or 




20 

wherein R.is any group capable of rendering the phenol more water soluble. 
More particularly, the R croup nriay be, but is not tinmed lo a sugar, 
polyhydroxy compound, sulfonic acid sail compound, carboxylic acid salt 
compound, or polycther compound, wherein the sugar includes, but is nui 
limited lo, glucose, fructose, polyeiher sugars, monosaccharides, 
polysaccharides, cyclodextrins. including but no: limited to. a-cyclodcxtrin. 
P-cyclodexirin, Y-cyclodexirin. hydroxy propyl (J-cyclodcxtrin, 
hydroxyeihyl P-cyclodextrin, hydroxyethyl a cyclodextrin. carboxymcthyl 
a cyclodextrin, carboxymethyl (5 cyclodextrin, carboxymethy! y 
cyclodextrin. octyl succinaied a cyclodextrin. octyl succinaied P 
cyclodextrin, octyl succinated y cyclodextrin and sulfated P cyclodextrin and 
sulfated v-cyclodexirin.. A desired R group is 1 .2-i>-isopropylidene-D- 
glucofuranose. The resultant desired stabilization compound is represented 
by the following figures 



or 




CH3 



Examples 21. 22 and 24 describe how to prepare the above water 
soluble phenols. A more desired R group is glucose, where the kctal group 
of the above phenol-sugar compounds has been removed as described in 
Examples 23 and 25 producing the stabilizing compounds shown below. 




or 
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The colorant stabilizer compounds above in which the ketal group 
has been removed is a more desired stabilizer compound js it is more water 
soluble than if the ketal group is present. 

Another desired colorant stabilizing compound is 3-(2,4.6- 
:riiodophenoxy)-1.2-propancdiol, as shown below 



OH 



OCH2CHCH2OH 



Another means of increasing the water solubility of the stabilizing 
compounds of the present invention is to associate the compound to a large 
uaier soluble molecule, such as a cyclodexirin or desirably a derivatized 
cyclodexirin. Desirably, the derivatized cyclodexirin is ethylhydroxy P- 
cyclodextrin. An example of such a covaleni association of the stabilizing 
compounds is the triiodophenol or the trimethylphenol covaientiy bound 
with an ethylhydroxy [i-cyciodexirin as represented in the following 
formulxs: 




O-CH 



CH.+CD 

/ n 




O-CH.— CH.i"CD 



/ n 
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wherein n = I to 2 I and CD = cyclodexirin. The aryliniincalkenes can be 
covaiently attached to the B-cyclodcxtrin via any suitable lunciional group. 
An example of such an association is represented in the following formula: 

R 

I 

N . . O X 



-CD 



wherein R is an ar\'L heieroaryl, or substituted ar\'l group, n= I to 21 and 
CD = C-cyclodextrin. It is to be understood lhat any of the ar>'liminea!kenes 
can be covalenily attached to the derivatized cyclodextrin through the 
appropriate functional groups. The water solubility of the triiodophenols or 
the trimethyphenols can be increa.sed by adding a soluble compound to the 
molecule. 

The association can be an admixture or can be a covalent attachment. 
Desirably, between about I and 12 stabilizing molecules can be attached to a 
cyclodextrin molecule. More desirably, between about 4 to about 9 
stabilizing molecules are attached to a cyclodextrin molecule. Accordingly, 
the stabilizing compound attached to cyclodextrin can be added to any 
aqueous colorant system to stabilize the colorant therein, h is to be 
understood that the stabilizing aryliniincalkenes do not have to be attached to 
the molecular includants to exhibit their stabilizing activity. 

Although not wanting to be limited by the following, it is thought 
that the stabilizer compounds of the present invention exhibit excellent 
stabilizing properties as their high water solubility maintains the amount of 
additive pre.senl in solution over time, so lhat the additive continues to 
provide its stabilization properties to the admixture. A stabilizing additive 
precipitating out of a colorant composition negatively impacts the 
composition as less of the stabilizer remains in the solution, and therefore 
the colorant composition is less stabilized. Further, if the stabilizing 
additive is used in ink jet inks and cartridges, such precipitation can clog the 
ink jet printer and can other wise negatively impact the printing quality of 
the ink. A surprising and unexpected feature of the present invention is that 
the stabilizing compound is extremely water soluble, and does not 
precipitate out of ink solutions over time. 
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A third class of coioriint stabilizers that are considered part oi' the 
present invention are heavy atoms such as iodide. These compounds are 
desirably associated with large counterions such as sodium or larger. It has 
been determined that smaller counterions, such as potassium, provide poor 
5 stabilization of the colorants. The desirable salt is .sodium iodide. Another 

desirable salt is teiramethyl ammonium iodide. The preferred concentration 
of the heavy atoms is between approximately 0.5 to 5 mole equivalents. 
The iodide salt is added to the colorant before exposure to the 
electromagnetic radiation. 

10 Examples 26 and 27 report the fade testing results of Hewlett 

Packard magenta ink admixed with various combinations of stabilizing 
compounds of the present invention. More particularly. 3 molar equivalents 
of the irimethylphenol sugar produced in Example 23. 4 molar equivalents 
of the triiodophenol sugar produced in Example 25. and two molar 

15 equivalents of sodium iodide were admixed with HP magenta ink having 

already admixed therein 2% by weight B-hydroxyethyl cyclodexirin. It is to 
be understood thai the molar equivalents of the various stabilizing 
compounds can be varied. In comparison with the ink on the control sheets 
of paper and transparencies, the above described ink on paper and 

20 transparencies was much more stable. (See the tables in Example 26. and 

Example 27). 

It is desirable that a colorant solution be stabilized with one or more 
of the following components in the following amounts; 2 to 109r wi/wi 
cyclodexirin or derivative thereof; 4-6% wt/wi of an aryliminealkene 

25 stabilizer of the present invention: 0.25 to 2 molar equivalents (eq) of an 

iodide; 2 to 7 eq of a triiodophenol sugar; 2 to 7 eq of a trialkyl phenol 
sugar; and 2 to^3 eq of ascorbic acid. More desirably, the colorant solution 
is to be stabilized with 2 to lO^c wi/wt hydroxyethyl cyclodextrin; 4-69r 
wi/wt of an aryliminealkene .stabilizer of the pre.seni invention; 0.25 to 2 

30 molar equivalents (eq) of sodium iodide or tetramethyl amine iodide: 2 to 7 

eq of a triiodophenol sugar; 2 to'7 eq of a trimethyl phenol sugar; and 2 to 3 
eq of ascorbic acid, it is to be understood that. units of "eq" or "molar 
equivalents" for stabilizing additives refers to molar equivalents of the 
stabilizing additives with respect to the dye. Additionally, it is to be 
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undersiood that units of "wt/wi" for stabilizing additives refers to the weight 
of the additive with respect to the weight of the ink or colorant solution. 

In another embodiment, a colorant solution is stabilized with the 
following: 4-10% fuschin imine adduct (Example 7): 0.25 to 2 eq of an 
iodide ion; and (i-cyclodextrin, desirably hydroxyethyl (i- 

cyclodextrin. 

In another embodiment described in Example 37. a colorant 
stabilizer such as a molecular includant, is present in a polymer coating of a 
heal transfer product, such as is used for transferring graphic images onto 
clothing. 

In another embodiment described in Example 3S. a colorant 
stabilizer is represented by the porphines Cu-meso-tetra-(4- 
suIranaiophenyO-porphine (designated CuTPPS4) and Cu-me>()-tetra-iN- 
inethyl-4-pyridyl)-porphinc (designated CuTMPS4), having the following 
suucture: 

HO,S SO,H 




HO3S 



SO.H 



or 
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wherein the copper ion can also be substituted with a cobalt ion. It is also 
understood that in the case of CuTPPS4 or CoTPPS4, the sulfuric acid 
moieties may be substituted with salts when in solution, such as sodium 
salts. The colorant solution may be stabilized with about 0.1% to 10% 
wt/wi porphine, more preferably about 0.3% to 17c wt/wt poq^hinc. and 
more preferably about 0.5% wt/wi porphine. 

In another embodiment described in Example 38, the colorant 
stabilizing additive can also optionally be dimethyl amino benzoic acid quae 
(designated DMABAQ), represented by the following structure: 




The colorant solution may be stabilized with about 0.1% to 15% 
wt/wt DMABAQ, more preferably about 0.5% to 10% wt/wt DMABAQ. 
and more preferably about 1% to 5% wt/wt DMABAQ. 

In another embodiment described in Example 39. the colorant 
stabilizing additive can also. optionally be a basic fuschin hydrazone. 
represented by the following structure: 
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The colorant soluiiun may be stabilized with abou: 0. \ to 15^r 
wiywi hydrazone, more preferably about to lOCf \kv\\[ hydrazone, 

■and more preferably about \ % to 5% wi/wt hydrazone. 

In addition, another embodiment of the colorant stabilizing additive 
of this invention as described in Example 40. is a bcnzophenone. of the 
general formula: 



wherein R represent?; any substiiuents which permit the 
benzophenone to function as a colorant stabilizer. The colorant solution 
may be stabilized with about 0.01% to \5^c wtywi benzophenone, more 
preferably about 0.3% to 5% wt/wi benzophenone. and more preferably 
about 0.5% to 1% wt/wt benzophenone. 

Although not wanting to be linaited by the following, it is theorized 
that the above stabilizing compounds of the present invention, either 
admixed with a colorant solution or on or in a substrate to which the 
colorant is applied, act by quenching the excited state of a dye molecule by 
efficiently returning it to a ground state. This reduces the likelihood of an 
oxidative or other chemical reaction occurring which would render the dye 
chromophorc colorless. 
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The quenching process can occur by a number of processes. One 
such process is referred to as the heavy atom effect (internal or external) in 
which atoms with a high atomic number, such as iodine and xenon, can 
cffec; the excited electronic transitions of the dye molecule by aliowine here 
(0 fore forbidden electronic transitions to occur and by decreasing the 
excited state lit'etimes. This effect permits the rapid return of the dye^o its 
ground state. 

Another quenching process involves back electron transfer, in this 
case, quenching of the excited dye molecule occurs through sequential 
electron transfer. The additive or quencher, and dye form an ion pair 
through electron donation within which back electron transfer leads to an 
overall deactivation of the excited energy donor, i.e.. the dye. 

Another quenching process involves a condition m which the 
quencher (additive) molecule has an excited energy state lower than the 
1 5 excited dye. In this case, it may be po.ssible to transfer the excited energy to 

the quencher thereby allowing the dye molecule to return to its ground state. 
These mechanisms are more fully discus.sed in Chemistry and Light . 
Suppan. P.. Published by The Royal Society of Chemistry. 1994, pgs 65 - 
69 which is incorporated herein by reference. 

2" cases, it is optionally desirable to add a molecular includant to 
the colorant solution. The molecular includant can be inorganic or organic 
in nature. In certain embodiments, the chemical structure of the molecular 
includant is adapted to form a molecular inclusion complex. Examples of 
molecular includants are. by way of illustration only, clathrates or 
25 intercalates, zeolites, and cyclodextrins. Examples of cyclodcxtnns include. 

but are not limited to. a-cyclodextrin. P-cyclodcxtrin. y-cyclodextrin. 6- 
cyclodextrin. hydroxypropyl p-cyclodextrin. hydroxyethyl P-cyclodextrin. 
hydroxyethyl a cyclodextrin. carboxymethyl a cyclodextrin. 
carboxymethyl P cyclodextrin, carboxymethyl y cyclodextrin, octyl 
30 succinated a cyclodextrin. octyl succinated p cyclodextrin. octyl succinated 

y cyclodextrin and sulfated p cyclodextrin and sulfated y-cyclodextrin 
(American iMaize-Products Company. Hammond. Indiana). 

The term "derivatized cyclodextrin" as used herein means a 
cyclodextrin having more than two leaving groups covalently coupled to 
35 each molecule of cyclodextrin. The term "leaving group" is used herein to 
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mean any leaving group capable of participating in a bimolecular 
nucleophilic substituiion reaction. Examples ol" derivatized cyclodextrin 
includes, but is not limited to, hydroxypropyi (i-cyclodextrin. hydroxyethyl 
P-cyclodextrin, hydroxyethyl a cyclodextrin, carboxymethyl a 
5 cvclodextrin. carboxymethyl P cyclodextrin, carboxymethyl y cyclodextrin, 

octyl succinated a cyclodextrin, octyl succinated (i cyclodextrin, octyl 
succinaied y cyclodextrin and sulfated p and y-cyclodexirin. A desired 
derivatized cyclodextrin is ethylhydroxy P-cyclodcxu-in. 

A desired molecular includani is y-cyclodextrin. Another desirable 
10 molecular includani is p-cyclodextrin. In other embodiments, the molecular 

includant is an ethyl hydroxy P-cyclodextrin. Although not wanting to be 
bound by the following theory, it is believed that the molecular includant 
inhibits the aggregation of the colorant molecule in >olution. Other 
aggregation inhibitors that can be used in practicing the present invention are 
15 starches, pectins, amy loses, clathrates and the crown ethers. It is to be 

understood that the addition of derivatized cyclodextrins to an ink 
formulation for the purpose of inhibiting aggregation and/or stabilizing the 
dyes in the inks is considered one aspect of the present invention. 

In some embodiments, the colorant and the colorant stabilizers are 
20 associated with the molecular includant. The term * as>ociaied'\ in its 

broadest sense, means that the colorant and/or the colorant stabilizers arc at 
least in close proximity to the molecular includant. For example, the 
colorant and/or the colorant stabilizers can be maintained in close proximity 
to the molecular includant by hydrogen bonding, van der Waals forces. 
25 ionic bonding, hydrogen bonding, dipole-dipolc interactions or the like. 

Alternatively, either or both of the colorant and the colorant 
stabilizers can be covalenlly bonded to the molecular includant. In cenain 
embodiments, the colorant will be associated with the molecular includant 
by means of hydrogen bonding and/or van der Waals forces or the like, 
30 while the stabilizing molecule is covalently bonded to the molecular 

includant. In other embodiments, the colorant is at least panially included 
within the cavity of the molecular includant. and the colorant stabilizer is 
located outside of the cavity of the molecular includant. 

As a practical matter, the colorant, the colorant stabilizer and 
35 molecular includant are likely to be solids depending upon the constituents 
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used to prepare the molecules. However, any or all of such materials can be 
a liquid. The colored composition can be a liquid either because one or 
more of its components is a liquid, or, when the molecular includant is 
organic in nature, a solvent is employed. Suitable solvents include, hut arc 
5 not limited to, amides, such as N.N-dimethylformamide; sulfo.xides. such 

as dimcihylsulfoxide; ketones, such as acetone, methyl ethvi ketone, and 
methyl butyl ketone; aliphatic and aromatic hydrocarbons, such as hexane, 
octane, benzene, toluene, and the xylenes: esters, such as ethyl acetate: 
water: and the like. When the molecular includant is a cyclodextrin. 

1 0 panicularly suitable solvents are the amides and sulfoxides. 

In an embodiment where the composition of the present invention i.s 
a solid, the effectiveness of the above compounds on the colorant is 
improved when the colorant and the selected compounds are m intimate 
contact or in an association that approaches van dcr Waals radii. To this 

15 end, the thorough blending of the components, along with othe: 

components which may be present, is desirable. Such blending generally is 
accomplished by any of the means known to those having ordinary skill in 
the art. When the colored composition includes a polymer, blending is 
facilitated if the colorant and the colorant stabilizer are at least partly .soluble 

20 in softened or molten polymer. In such case, the composition is readily 

prepared in, for example, a two-roll mill. Alternatively, the composition of 
the present invention can be a liquid because one or more of its components 
is a liquid. 

For some applications, the composition of the present invention 
25 typically will be utilized in paniculate form. In other applications, the 

particles of the composition should be very small. Methods of forming 
such particles are well known to those having ordinar\' skill in the art. 

The colored composition optionally may also contain a carrier, the 
nature of which is well known to those having ordinary skill in the art. For 
30 many applications, the carrier will be a polymer, typically a thermosetting or 

thermoplastic polymer, with the latter being the more common. 

Examples of thermoplastic polymers include, but are not limited to: 
end-capped polyacetals, such as poly(oxymethylene) or poly formaldehyde. 
poly(trichloroacetaldehyde), poly(n-valeraldehyde). polyf acctaldehydc), 
35 poly(propionaidehyde), and the like; acrylic polymers, such as 
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polyacrylamide. poly(acryiic acid). poly(methacryIic acid), polytelhyl 
acrylnic). poly(methyi methacryiatej, and the like; tluorocarbon polymers, 
such as polyCtetrafluoroeihyiene), perfluorinated eihylenepropylene 
copolymers, cthyiene-teiranuoroethylcnc copolymers, poly-fchloroirinuoro- 
ethylcne), ethylcne-chlorotrifiuorocihylcne copolymers, polyi vinyiidene 
fluoride), poly(vinyl fluoride), and the like; epoxy resins, such as ihc 
condensation products of epichlorohydrin and bisphenol A; polyamidcs, 
such as po]y(6-aminocaproic acid) or poIy(E-caprolactam), poly(hexa- 
methylenc adipamide). poly(hexameihylene scbacamide), polydl- 
aminoundecanoic acid), and the like; polyaramides. such as poly(imino-1.3- 
phenyleneiminoisophthaloyl ) or polyim- phenylene isophthalamide). and 
the like; parylenes. such as poly-p-xylylene. poIy(chlorov^-xyiene}. and the 
like; poiyaryl ethers, such ai po!y(oxy-2.6-dimethyl- 1.4-phenylene) ot 
poly(/?-phenylene oxide), and the like; poiyaryl sulfones. such as poly(oxy- 
1 .4-phenylenesulfonyl- 1 ,4-phenyleneoxy- 1 .4-phenylene-isopropylidene- 
1 .4-phenyIene), poly(sulfonyl- 1 .4-phenyleneoxy- 1 ,4-phenylcnesulfonyI- 
4.4-biphcnyIene), and the like: polycarbonates, such as poly(bisphenol A) 
or poly(carbonyldioxy- 1 ,4-phenyleneisopropylidene- 1 ,4-phenylenc i. and 
the like; polyesters, such as puly(ethylcnc tcrephthalaie ), 
poly(ietramethylene lerephthalate). poly(cyclo-hexylcne- 1 .4-dimethylene 
terephihalate) or poly(oxy-mcthylene-1.4- 
cyclohexyiencmethyleneoxyierephthaloyl). and the like; poiyaryl sulfides, 
such as poly(y?-phenylene sulfide) or polyithio-l,4-phenylene), and the like: 
pQlyimides, such as polyipyromclliiimido- 1.4-phenylene), and the like: 
polyolefms, such as polyethylene, polypropylene, poly(l-buiene), polyf2- 
buiene), poly( l-peniene). poly(2-penlene). poly(3*melhyI-l -pentene), 
poly(4-methyl- 1 -pentenc), 1 .2-poly- 1 .3-butadiene. 1 .4-poly- 1 ,3-butadiene, 
polyisoprene, polychloroprene, polyacrylonitrile, poly(vinyl acetate), 
poly(vinylidene chloride), polystyrene, and the like; and copolymers of the 
foregoing, such as acryloniirile-buta-dienesiyrene (ABS) copolymers. 
styrenc-n-butylmethacr>'late copolymers, ethyiene-vinyl acetate copolymers, 
and the like. 

Some of the more commonly used thermoplastic polymers include 
siyrene-n-butyl meihacryiaie copolymers, polystyrene, styrene-n-butyt 
acrylaie copolymers, styrene-butadiene copolymers, polycarbonates. 
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polydneihy! methacryiatc). polyi vinyiidcnc fluoride ). polvamidcs (nylon- 
12), polyeihylcne, polypropylene, eihylene-viny! acetate copolymers, and 
epoxy resins. 

Examples of thernnosetting polymers include, but are not limited to. 
alkyd resins, such as phthaiic anhydride-glycerol resins, maieic acid- 
glycerol resins, adipic acid-glyceroi resins, and phthaiic anhydride- 
pentaerythriiol resins; allylic resins^ in which such monomers as diallyl 
phthalate. diallyl isophthalate diallyl maleaie. and diaiiyi chlorendate serve 
as nonvolatile cross-linking agents in polyester compounds; amino resins, 
such as aniline-formaldehyde resins, ethylene urea- formaldehyde resins, 
dicyandiamidc-formaldehyde resins, melamine-formaldehyde resins, 
s'jifonamide-formaldehyde resins, and urea-fornialdehydc resins; cpoxv 
resins, such as cross-linked epichlorohydrm-bisphenoi A resins; phenolic 
resins, such as phenol-formaldehyde resins, including Novolacs and resols; 
and thermosetting polyesters, silicones, and urethanes. 

In addition to the colorant, colorant stabilizer, and optional 
molecular includant, the colored composition of the present invention also 
can contain additional components, depending upon the application for 
which it is intended. Examples of such additional components include, but 
are not limited to. charge carriers, stabilizers against thermal oxidation, 
viscoclastic propenies modifiers, cross-linking agents, plasiicizers. charge 
control additives such as a quaternary ammonium salt; flow control 
additives such as hydrophobic silica, zinc siearate. calcium stearalc. lithium 
siearate, polyvinylstearate. and polyethylene powders; and fillers such as 
calcium carbonate, clay and talc, among other additives used by those 
having ordinary skill in the an. Charge carriers are well known to those 
having ordinary skill in the art and typically are polymer-coated metal 
particles. The identities and amounts of such additional components in the 
colored composition are well known to one of ordinarv' skill in the an. 

When the colorant stabilizers of the present invention are used to 
stabilize the dyes in ink jet inks, it is desirable to filter the compositions 
through a small pore filter (.45 |i) such as a Millipore® filter before the ink 
formulation is placed in an ink jet canridge. This will reduce or eliminate 
clogging of the canridge ink nozzles due to paniculate matter. 
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Treated Substrates. 

As staled above, colorant stabilizers may be present in a colorant 
solution, or present on or in a substrate to which the colorant is to be 
applied. When a colorant stabilizer is present in or on a substrate, the 
substrate is referred to as a "treated substrate". In one embodiment of the 
present invention, a treated substrate contains a reducing agent thereon or 
therein. In another embodiment, a treated substrate contains a molecular 
includant thereon or therein. In yet another embodiment, a treated substrate 
contains a molecular includant and a reducing agent thereon or therein. The 
term "stabilizing agent" is used to denote the colorant stabilizer in or on ;i 
substrate. 

The sub.strate may be. but is not limited to. paper, wood, a wood 
product or composite, woven fabric, nonwoven fabric, textile, plastic, 
glass, or any other substrate that would benefit from having a stabilized 
colorant thereon, A plastic substrate includes, but is not limited to. a plastic 
film, a plastic nonwoven web, or a plastic woven web. A preferred 
.substrate is paper. Any existing or future type of paper or paper products 
may be used in the present invention. 

Examples of paper or paper products include, but not limited to, 
printing and writing papers, packaging and industrial papers, paperboard, 
and tissue papers. Examples of printing and writing papers include, but arc 
not limited to the following: wood-free coated papers; wood-containing 
coated papers; wood-free uncoaied papers such as bond and writing paper, 
envelopes, offset and opaque circular, carbonless, tablet, forms bond, 
ledger, mimeograph, and manifold, duplication, fax base, thermal base, 
technical papers, supercalandered, a;id specially papers; uncoated wood- 
containing papers such as supercalandered, directory, specialty converting 
and publishing; brisiols such as coated bristols, uncoaied bleached bristols, 
tag. coated tag papers, file folders, and tabulating; and thin papers such as 
cigarette paper, bible paper, lightweight paper, lightweight specialty, 
manifold, cotton fiber papers, and speciait)' thin papers. 

Examples of Packaging and industrial papers include, but are not 
limited to the following: breached Kraft paper such as grocers bags, 
shipping sacks, wrapping paper, and converting paper; unbleached Kraft 
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paper such as grocers bags, shipping sacks converting paper, wrapping 
paper, and envelopes. Examples of paperboard include, but are not limited 
to the following: containerboard such as unbleached linerboard. bleached 
linerboard. corrugated medium, and chip and filler board; folding 
5 boxboard/folding cartonboard such as solid bleached sulfite, bleached and 

unbleached bristols, coated recycled board, coated unbleached Kraft, milk, 
cup, plate and foodservice stock (coated or uncoatedj, and I'olding board: 
gypsum wallboard; and tube/can and drum paperboard. Examples of tissue 
papers include, but are not limited to, sanitary tissues such a.s bathroom 
10 tissue, facial tissue, napkins, toweling, wiper stock, and other sanitary 

tissue papers. 

Molecular Indiulani 

.As stated above, a molecular includant is defined as any substance 

15 having a chemical structure which defines at least one cavity, wherein a 

cavity includes any opening or space of a size sufficient to accept at least a 
portion of a compound, such as, but not limited to. a colorant. The 
molecular includant can be inorganic or organic in naiure. In certain 
cmbodimen:s. the chemical .structure of the molecular includant is adapted to 

20 form a molecular inclusion complex. Molecular includants include, but arc 

not limited to, clathrates or intercalates, zeolites, crown eihers. calixarenes, 
valinomycin type natural antibiotics, various polyeiher compounds, 
nigericin type natural antibiotics, or cyclic compounds containing a plurality 
of pyranose rings, for example, those having formed cyclic compounds 

25 through 1,4 and K6 bonding of monosaccharides such as glucose. t"ructose, 

galactose, etc and disaccharides such as saccharose, maltose, lactose 

etc... 

The cyclic compounds also include cyclodexirins such as alpha- 
cyclodextrin (or a-cyclodexlrin), beta-cyclodexirin (or [3-cyclodextrin), 

30 gamma-cyclodextrin (or y-cyclodexirin), delta-cyclodextrin (or 5- 

cyclodextrin), and derivatives (hereof such as hydroxypropyl p- 
cyclodextrin, hydroxyethyl P-cyclodextrin, hydroxyethyl a-cyclodexirin. 
carboxy methyl a-cyclodextrin. carboxy methyl (i-cyclodextrin. 
carboxymethyl y-cyclodextrin, octyl succinated a cyclodextrin. octy! 

35 succinated p-cyclodextrin, octyl succinated y-cyciodexirin. sulfated (J- 
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cyclodexirin and sulfated y-cyclodcxtrin, hydroxyeihyl y-cyclodcxtrin. 
hydroxyisopropyl y-cyclodexirin. hydroxypropyl y-cyclodexirin. octyl 
succinate y-cyclodexirin, and carboxy methyl y-cyclodcxtrin. 

The a-cyclodcxtrins contain 6 glucopyranosc rings, the p- 
5 cyclodextrins contain 7 glucopyranose rings, the y-cyclodexirins contain 8 

glucopyranose rings, and the 6-cyclodextrins contain 9 glucopyranose 
rings. Cyclodextrins with 10, 1 1, or !2 glucopyranose rings may also be 
used in the present invention. A desirable cyclodexirin is any y-cyclodextrin 
that is water soluble. In particular, hydroxyethyl y-cyclodexirin, 

10 hydroxyisopropyl y-cyclodextrin. and hydroxypropyl y-cyclodextrin are 

desirable molecular includanis for the present invention. Another desirable 
cyclodextrin is any [i-cyclodextrin that is water .soluble. In particular, 
hydroxyeihyl P-cyclodexirin is a preferred cyclodextrin. 

The cyclodextrins suitable for the inks of the present invention can 

15 also, if desired, be modified by the addition of substituents. Subsiituents 

generally replace either the entire hydroxyl group or the hydrogen atom on 
one or more of the hydroxyl groups of the cyclodextrin ring. Examples of 
substituents include acyl groups, wherein one or more of the hydroxyl 
groups is replaced with groups such as — OAc. — OC(0)CH2CH3. — OC- 

20 (0){CH2)2CH3, — OC(0.)(CH2)3CH3. — OC{0)CF3, — OC'.OPh. or the 

like; alkyl and ar>'l groups, wherein one or more of the hydroxyl groups is 
replaced with groups such a.s— OCH;. — OCH2CH3, — 0('CH2.)2CH3, 
— OC{CH3)3. — OPh, or the like: to.syl (4-methylbenzenesulfunyl ), or Ts or 
related groups, wherein one or more of the hydroxyl groups is replaced 

25 with — OTs or the like: mesyl ^methanesulfonyl. or iMs) or related groups. 

wherein one or more of the hydroxyl groups is replaced with — OMs or the 
like; amino groups, wherein one' or more of the hydroxyl groups is replaced 
with groups such as a primary, secondary, or tertiary amine group, 
including cyclic amines and aromatic amines or the like; azido groups, 

30 wherein one or more of the hydroxyl groups is replaced with — N3 or the 

like; halo substituents, wherein one or more of the hydroxyl groups is 
replaced with a halogen atom, such as — F. — CI. — Br, or — 1; nitro groups, 
wherein one or more of the hydroxyl groups is replaced with — ONO2: 
phosphorus-containing groups, wherein one or more of the hydroxyl 

35 groups is replaced with groups such a.> — OPO3H2. — OPO3R2 1 wherein R 
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is alkyl or jp,'I), — OPO3HR, or wherein two adjacent hydroxvl groups are 
replaced with groups such as — 0P(0)(CH3)0— . or the like: imidazole 
groups and their derivatives; pyridine groups and their derivatives; 
sulfur-containing functional groups, wherein one or more of the hydroxvl 
groups is replaced with groups such as —SCH;. — SCH2CH-^. 
-SfCH2i2CH3, — SC(CH3}3. -OSOs'Na^, _0CH2S03-Na^ 
-OCH2CH2S03-Na + . -0{CH2)3S03-Na-. or the like: alcohol, 
aldehyde, ketone, or oxime groups; carboxylic acid groups and their 
derivatives: carbonate and carbamate groups; silicon, boron, or tin 
containing groups, wherein one or more of the hydroxvl groups is replaced 
with groups such as — OSi{CH3)3, — OSi(CH3)2H. — CH20Si(CH3)-,, 
— CH20Si(CIl3)2H, — OB(CH2CH2)2. — CH20B(CH2CH2)2- — CH- 
20Sn((CH2)3CH3)3, or the like; hydroxyalkyl groups, such as hydroxy 
ethyl groups, hydroxypropyl groups, or the like: or any other suitable 
15 substituent. 

In another embodiment, substituent or substituents in the 
cyclodexu-in molecules are bonded to an oxygen atom in a ring ulucose unit. 
For example, the substituent can be an alkyl radical, desirably havine up to 
about six carbon atoms. Another example of such a sjbsiituent has the 
formula — (CH— CHRi— O— jn— H wherein is selected from the class 
consisting of hydrogen and alkyl groups having up to about six carbon 
atoms. In the above formula, n is a small whole number having a value up 
to about six: desirably, n is equal to 1. Preferred substituents of this type are 
hydroxyethyl and hydroxypropyl. 

Yet another type of substituent on the cyclodextrin is a bridsins 
group that links two cyclodextrin moieties. The bridging groups have the 
formula — CHRI— CHOH— CHR^— wherein R' has the same 
significance as above. In these polymeric cyclodextrins, the number of 
cyclodextrin rings so bridged is from two to about six. In other words, 
there can be two cyclodextrin rings linked by the bridging group, or there 
can be three of the rings linked by two bridging groups, and so on, such 
that there can be six rings linked by five bridging groups. It is to be 
understood that higher polymers can be used in the invention if they have 
properties analogous to the polymers within the range given above, and the 
-^5 increased size or molecular weight docs not confer an undesirable property 
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to the extent that it makes the material unsuitable for use in i:.-: invention. 
The polymeric cyclodextrins may have substituents in addition lo the group 
that links or bridges two cyclodexirin moieties. For example, the 
cyclodextrin moieties may have one or more carboxyalkyl { — R — COOH) 
substituenis, wherein R is a lower alkylenc radical having up to about 4 
carbon atoms. 

Cyclodextrin rings can also be bound together to form polymers by 
processes such as linking the cyclodextrin rings together vsith suitable 
multifunctional agents. For example, a poly-B-cyclodcxtrin c::n be formed 
that is crosslinked with epichlorohydrin; this material is commercially 
available from American Tokyo Kasei. Inc.. 9211 N. Harborgaie St.. 
Portland, OR 97203. It is to be understood that any method k.-.own to one 
of ordinary skill in the art may be used to covalenily bind -.^vo or more 
molecular includants together. A desired embodiment is to have crosslinked 
y-cyclodexirins in or on a substrate. 

Cyclodextrins are commercially available from, for example. 
.American Maize*Producis Company, of Hammond, Indiana. Additional 
information regarding cyclodextrins and modiHcd cyclodextrins is widely 
available in the chemical literature, and is summarized in. for example, 
"Synthesis of Chemically Modified Cyclodextrins," A. P. Cro:i and R. .A. 
Bartsch, Tetrahedron. Vol. 39. No. 9, pages 1417 to 147- fl983). the 
disclosure of which is totally incorporated herein by reference. Sub.stituied 
cyclodextrins are also shown in the publication "Molec-Jsol'-'": Your 
Research Solution/* Pharmeiec, inc. (1988). the disclosure of which is 
totally incorporated herein by reference. The hydroxypropyl substituted 
cyclodextrin is also suitable for the prevent invention. 

Additionally, it is to be understood that the molecular includants of. 
the present invention may have one or more of the stabilizer molecules 
discussed above, which may be admixed into a colorant solution, associated 
therewith. The term "associated", in its broadest sense, means that the 
stabilizer molecule is at least in close proximity to the molecular includant. 
For example, the stabilizer molecule can be maintained in close proximity to 
the molecular includant by hydrogen bonding, van der Waals forces, ionic 
bonding, hydrogen bonding, dipole-dipole interactions or the like. 
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The molecular inc!udan[ in association with a colorani stabilizes the 
colorant. More particularly, the molecular includant stabilizes a colorant 
when it is present on or in the substrate upon which the colorant is applied. 

In the embodiment where the molecular includant is present on or in 
the substrate, the molecular includant may be introduced onto or into the 
substrate by any method known to one of ordinary skill in the an, wherein 
the method does not destroy the molecular includant's ability to stabilize a 
colorant. In one embodiment, a treated substrate is one wherein the 
molecular includant is applied to the substrate in solution form and the 
substrate is subsequently dried to produce the substrate in the form it is to 
be utilized. Any substrate may be used, wherein the substrate does not 
destroy the molecular includani'.s ability to stabilize a colorant. A preferred 
substrate is paper. Any existing or future type of paper or paper products 
may be used in the present invention. 

The molecular includant may be applied while the substrate is bein^ 
manufactured, or it may be applied after the substrate has been 
manufactured. Where the substrate is paper, the molecular includant may be 
admixed into the pulp during the process of manufacturing the paper. An 
amount of molecular includant is admixed with the puip so that the paper 
produced contains an amount of molecular includant effective to stabilize a 
colorant thereon. Desirably, between approximately 30 to 807c molecular 
includant by weight is admixed with the puip. More desirably, between 50 
10 65% molecular includant by weight :n admixed with the pulp. A 
desirable amount of molecular includant in the final paper product is 
between 3% and 50% wt/wt. A more desired amount of molecular 
includant in the paper product is between 5 and 20%, Even more desired is 
between 7 and 10% of molecular includant in the paper product. Anv 
method known in the an may be used to adrtu.x the molecular includant with 
the pulp, and produce the final paper product, wherein the molecular 
includant maintains its ability to stabilize a colorant. The above also applies 
to the manufacturing df wood pulp or composite substrates. 

Alternatively, the molecular includant may be applied to a substrate 
after il has been manufactured, by dipping the substrate in a solution of the 
molecular includant, spraying the substrate, coating the substrate, or 
soaking the substrate with a solution of the molecular includant. .Any 
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method known in the art to apply a soluuon to a substrate and to dry the 
substrate may be used in the present invention so long as the molecular 
includant maintains its ability to stabilize a colorani. An amount of 
molecular includant solution is applied to the substrate so that after drying. 
5 the subsu-ate contains an amount of molecular includant effective to stabilize 

a colorant thereon or therein. 

Desirably, the concentration of the molecular includant solution is 
between 3% and 80% wt/wi. A more desired concentration is between 5 
and 65%. An even more desired concentration is between lU and 50^c. A 

10 desirable amount of molecular includant in or on the treated substrate is 

between 1% and 50% wt/wt. A more desired amount of molecular 
includant in or on the treated substrate is between 3 and 25*^ . Even more 
desired is between 5 and 20% of molecular includant in ui on the treated 
substrate. One embodiment of coating a molecular includant onto paper is 

1 5 fully described in Example 34. 

In another embodiment, both the molecular includant and the 
colorant may be present within the substrate. The molecular includant and 
the colorant may be admixed with paper pulp, wood pulp, or monomers or 
oligomers, during the process of manufacturing paper, wood products, or 

20 plastics respectively. Alternatively, one of the above components can be 

introduced during the manufacturing process and the .second component can 
be applied after the manufacturing process. 

Examples 35 and 36 report the fade testing results of various 
magenia inks on treated and untreated paper. The magenta inks were 

25 studied as they tend to be the least stable of the widely used inks. More 

particularly, Hewlett-Packard (HP), American Ink Jet (AIJ), and Canon 
magenia ink jet inks, either with or without the stabilizing additives of the 
present invention, were printed on treated and untreated Hewlett-Packard 
premium paper and then exposed to an Atlas Weaiherometer for a total of 77 

30 hours. The inks containing the additives of the present invention contained 

5% wt/wt of the basic fuschin imine adduci prepared in Example 7. 0.25 eq 
of tetramethylammonium iodide, and 2% wt/wi of hydroxyethyl (i- 
cyclodextrin. It is to be understood that the molar equivalents of the various 
stabilizing compounds can be varied. 
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In Example 35, the treated paper v. as coated with y-cyciodextrin as 
described in Example 34, such thai the ireaied paper contained 79r wt/wi of 
the y-cycIodcxtrin. After 77 total hours o: exposure the change of color is 
measured and the AE* values compared. The AE'" values reported in 
Example 35 for the HP and AIJ inks show that the molccuiur includant is an 
effective colorant stabilizer without the presence of additional stabilizing 
additives. More particularly, the AE" value for HP iak wuh no additives on 
untreated paper is 64, whereas the value for HP ink with no additives on 
cyclodextrin coated paper is 31.5. The AE^ value for AIJ ink with no 
additives on untreated paper is 37, wherecs the value for AIJ ink with no 
additives on cyclodextrin treated paper is 13.7 

Additionally, the ^E^ values reponed in Example 35 for the HP inks 
shows :hat the additives are an effective colorant stabilizer without the 
presence of the molecular includant in the paper. More particularly, the AE* 
value for HP ink with additives on untreated paper is 25.0. whereas the AE* 
value for HP ink with no additives on untreated paper is 64.0. 

The AE* values reponed in Example 35 aJso shov.- that the molecular 
includant treated paper with the additive-containing ink yields unexpectedly 
.superior colorant stabilization results. Mere particularly, the AE-^ value for 
HP ink with no additives on untreated p^pcr is 6-. wuh no additives on 
treated paper is 3L5. with additives on untreated paper is 25.0. and with 
additives on treated paper is 14.7. Accorcingly. the AE" values show that 
although the additives alone stabilize the HP and AIJ inks, and treated paper 
alone stabilizes ihc HP and AIJ inks, the most lightfasi colorant is stabilized 
by being associated with the additives in the solution and being printed on 
the treated paper. 

In Example 36, three types of treated paper were studied along side 
of an uncoated paper. More particularly. HP Premium Ink Jet paper was 
treated with a 50% Y-cyclodexirin solution, a 20^f sodium thiosulfate 
solution, or a 20% Y-cyclodextrin/10% sodium thiosulfate solution. - The 
uncoated paper that was also studied is Kjmberly-Clark Bright White paper. 
After printing, and exposure in the Alias Weatherometer for 77 hours, the 
AE* values were measured. 

The AE* values reponed in Example 36 also show that although the 
additives alone stabilize the HP and AIJ inks, and treated paper alone 
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Stabilizes ihe HP and AIJ inks, the most lishlfast colorant is stabilized by- 
being associated with the additives in the solution and being printed on the 
treated paper. 

With respect to the Bright White paper stabilization results reported 
5 in Example 36. these results arc not readily comparable to the stabilization 

results obtained regarding the HP Premium paper. More particularly, most 
ink jet papers arc coated so that the ink is not absorbed into the fibers of the 
paper and instead remains on the surface of the paper. The coated paper 
thereby produces a superior ink jet printing quality. The HP Premium paper 

1 (J is an example of such a coated paper. 

In contrast, the Kimberly-Clark Bright White paper is not a coated 
paper. Accordingly, when an ink is primed thereon, the ink is wicked or 
absorbed into the bulk of the fibers of the paper, and does noi remain on the 
surface of the paper, thereby yielding a different quality of printmg. 

15 Although not wanting to be bound by the following, it is theorized that the 

ink that is absorbed into the uncoated paper is protected from degradation 
from light by the fibers of the paper. In contrast, inks that are printed on 
coaled paper remain on the surface of the paper and receive no protection 
from the fibers of the paper. Accordingly, the stability and quality of 

20 printing of inks that are printed on an uncoated paper cannot be compared 

directly to inks that are printed on coated paper. 

Reducing Agent 

In the embodiment where the treated substrate contains a reducing 
25 agent, the reducing agent may be. but is not limited to. sodium thiosulfatc 

(Na2S203), sodium sulfite (Na2S03), cysteine, sodium nitrite, sodium 
phosphite, sodium citrate, citric acid, ascorbic acid, boron hydride, 
dithionite, hydrazine, thiourea-dioxide. hydrogen sulphite, potassium 
sulfite, ammonium sulfite, sodium hydrogen sulfite, potassium hydrogen 
30 sulfite, ammonium hydrogen sulfite, sodium irithioniie. and poiyhydric 

phenols. A desired reducing agent is sodium thiosulfaie. 

The reducing agent in association with a colorant stabilizes the 
colorant. The reducing agent stabilizes a colorant when it is present on or in 
the substrate upon which the colorant is applied, or when it is admixed with 
35 the colorant prior to its application to the substrate. Also, the reducing agent 
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may be present both on or in the substrate upon which the colorant is 
applied and admixed with the colorant prior to its application. Additionailv, 
the reducing agent may be applied to the colorant after the colorant has been 
applied to a substrate. 

3 In the embodiment where the reducing agent is present on or in the 

subsiraie, the reducing agent may be introduced onto or into the substrate by 
any method known to one of ordinary skill in the art, wherein the method 
does not destroy the reducing agent's ability to stabilize a colorant. The 
reducing agent may be applied while the substrate is being manufactured, or 
•0 be applied after the substrate has been manufactured. It is to he 

understood that when a reducing agent is present on or in a substrate in the 
torm it is to be utilized, the substrate is referred to as a ' treated substrate 
In one embodiment, a treated substrate is one wherein the reducing aL'eni 
was applied to the substrate in solution form and the substrate has been 
I 5 subsequently dried to produce the substrate in the form it is to be utilized. 

Any substrate may be used, wherein the substrate does not destroy 
the reducing agent's ability lo stabilize a colorant. As stated above, the 
substrate may be, but is not limited to. paper, wood, a wood product or 
composite, woven fabric, nonwoven fabric, textile, plastic, glass, or any 
20 other substrate that would benefit from having a .stabilized colorant thereon. 

A preferred substrate is paper. Any existing or future type of paper may be 
used in the present invention, including, but not limited to. newsprint, 
coated wood containing paper, super calendared paper, fine paper, 
paperboard. and ink jet paper. 
^-^ Where the substrate is paper, the reducing agent may be admixed 

into the pulp during the process of manufacturing the paper. An amount of 
reducing agent is admixed with the pulp so that the paper produced contains 
an amount of reducing agent effective to stabilize a colorant thereon. 
Desirably, between approximately 2 to 50% reducing agent by weight is 
admixed with the pulp. More desirably, between 3 to 30% reducinc agent 
by weight is admixed with the pulp. A desirable amount of reducing agent 
in the final paper product is between 1% and 50% wi/wc. A more desired 
amount of reducing agent in the paper product is between 2 and 20%. Even 
more desired is between 3 and 10% of reducing agent in the paper product. 
Any method known in the an may be u.sed to admix the reducing agent with 
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ihe pulp, and produce the final paper product, wherein the reducing ageni 
maintains its ability to stabilize a colorant. The above also applies to the 
nrianufacturing of wood pulp or composite substrates. 

Alternatively, the reducing agent may be applied to a substrate atier 
5 it has been manufactured, or in its final form, by dipping the substrate in a 

solution of the reducing agent, spraying the substrate, coating the substrate, 
or soaking the substrate with a solution of the reducing agent. Any method 
known in the art to apply a solution to a substrate and to dry the substrate 
may be used in the present invention so lung as the reducing agent maintains 
10 its ability to stabilize a colorant. An amount of reducing agen: solution is 

applied to the substrate so tha: after dr\'ing. the substrate contains an amount 
of reducing agent effective to stabilize a colorant thereon or therein. 

Desirably, the concentration of the reducing agent solution is 
between 1% and 50% wL/wt. A more desired concentration is between 3 
15 and 40%. An even more desired concentration is between 5 and 20%, A 

desirable amount of reducing agent in or on the treated substrate is between 
1% and 50% wt/wi. A more desired amount of reducing agent in or on the 
treated substrate is between 2 and 20%, Even more desired is between 3 
and 10% of reducing agent in or on the treated substrate. One method of 
20 coating a substrate with a reducing agent is fully described in Example 34. 

In another embodim.ent, both the reducing agent and the colorant 
may be present within the substrate. The reducing agent and the colorant 
may be admixed with paper pulp, wood pulp, or monomers or oligomers, 
during the process of manufacturing paper, wood products, or plastics 
25 respectively. Altematively. one of the above components can be introduced 

during the manufacturing process and the second component can be applied 
after the manufacturing process. 

In yet another embodiment, the colorant and reducing agent are 
admixed in one solution and applied to a substrate simultaneously. For 
30 example, a colorant and an amount of reducing agent effective to stabilize 

the colorant can be in an ink jet ink canridge in an Inkjet printer. It is to be 
understood that any commercially available ink can be admixed with a 
reducing agent to stabilize the colorant therein. Desirably, the concentration 
of the reducing agent in ink is between 1 and 50% by weight. A more 
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desired concentration ii between 3 and 40%. An even more desired 
concentration is between 5 and 20%. 

Examples 30 and 31 report the fade testing results of Hewlett 
Packard yellow ink printed on sodium thiosulfate treated paper and 
untreated paper. More panicularly. yellow Hewlett Packard ink was printed 
on untreated paper and paper that had been dipped in a 10% wi/wi aqueous 
sodium thiosulfate solution and then dried. The papers were then exposed 
to an Atlas Weatherometer for a total of 5 1 hours. Visual and color 
measurements (AE*) show that the treated paper reduces the fade of the 
yellow ink. In particular, the AE* values after 24 hours were 28.33 for the 
untreated paper, and 2.29 for the treated paper. The AE* values after 51 
hours were 54.96 for the untreated paper, and 12.08 for the treated paper. 
Accordingly, the AE* values indicate little or no color chance of the yellow 
ink on the treated paper over 5 1 the hours of exposure. These AE* values 
therefore show that the reducing agent is an effective colorant stabilizer. 

Although the reducing agent alone stabilizes a colorant, it is also 
desirable that the reducing agent be utilized with one or more of the above 
stabilizers. Example 29 reports the fade testing results of Hewlett Packard 
magenta ink admixed with various combinations of stabilizing compounds 
of the present invention printed on treated and untreated paper. More 
panicularly, three molar equivalents of the triiodophenol sugar produced in 
Example 25. four molar equivalents of the trimethylphenol sugar produced 
in Example 23, and two molar equivalents of sodium iodide were admixed 
with HP magenta ink having already admixed therein 5% bv weight 6- 
hydroxyethyl cyclodexirin. This admixture is the additive-containme ink. 
It is to be understood that the molar equivalents of the various stabilizing 
compounds can be varied. 

The magenta additive-containing ink or the commercially available 
magenta Hewlett Packard ink (control ) was printed on untreated paper and 
paper that had been dipped in a 10% wt/wt aqueous sodium thiosulfate 
solution and then dried (the treated paper). The papers were then exposed 
to an Atlas Weatherometer for a total of 15 hours. Visual and color 
measurements (AE*) show that the control ink on untreated paper faded the 
most, the additive-containing ink on untreated paper faded less, and the 
additive-containing ink on treated paper barely faded at all. and faded the 



PCT LS96/I9I69 



44 

least. In particular, the AE* values are as follows: 34.24 for control ink on 
untreated paper; 20.53 for addiiive-coniaining ink on untreated paper; and 
1 1.09 for additive-containing ink on treated paper. Accordingly, the AE* 
values show that although the additives alone stabilize the m^igenta colorant, 
the reducing agent in the paper further stabilizes the colorant in the presence 
of these additives. 

Additionally, the substrate itself may be treated with one or more of 
the above reducing agents, one or more of the above molecular includants. 
or combinations thereof. In one embodiment, the substrate is treated with 
both a reducing agent and a molecular includant. Desirably, the reducing 
agent is sodium thiosulfate and the molecular includant is v-cyclodextrin. 

It is most desirable to treat a substrate with a reducing agent when 
the ink to be printed thereon is relatively pure. Although not wanting to be 
limited by the following, it is theorized that if ink containing a relatively 
substantial amount of impurities is printed on reducing agent-treated paper, 
the reducing agent will react with the impurities thereby decreasing its color 
stabilizing properties. 

It has been unexpectedly discovered that the presence of a reducing 
agent in paper decreases the amount of yellowing that occurs on the paper 
upon, exposure to the radiation. Example 28 repons the testing of treated 
and untreated paper for reduction of yellowing. More particularly, sheets of 
paper were dipped in the following: (1) a sodium iodide and sodium 
thiosulfate solution; (2) a sodium iodide solution; or (3) a sodium thiosulfate 
solution, and then dried. The above sheets and control sheets (which 
untreated) were placed into an Atlas Weathcromeier overnight. The results 
are as follows: the sheets treated with solution ( 1 ) turned yellow; the sheets 
treated with solution (2) turned dark yellow; the sheets treated with solution 
(3) did not change, and remained white; and the control sheets turned a very- 
pale yellow. ^ 

Example 28 illustrates that one of the colorant stabilizers of the 
present invention, namely, sodium iodide, increases' the yellowing of paper. 
In contrast, the presence of the reducing agent, sodium thiosulfate. inhibits 
the yellowing of paper. Further, the presence of the reducing agent 
decreases the amount of yellowing resulting from the sodium iodide. 
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The present invention i.s further described in-- the exjnipL-s which 
follow. Such examples, however, are not to he coii.strued as limi.mii in any 
way either the spirit or scope of the pre.sent invention. In the examples, all 
pans are parts by weight unless stated otherwise. 



Example 1 

Preparation of the imine adduci. 

To a 500 ml round bottomed flask is added 10.0 <j chalcone 
(Aldrich). S.3 g 2-amino benzene sulfonic acid (Aldrich). 200 ml of 
ab.solutc ethanol. and 3 drops of diinethyhimino eihanoi i.Aldrich). The 
reaction mixture is reflu-xed for one hour after which the solvent is removed 
to yield a pale yellow crystalline solid. The yield is 16.5 iirams (95%). 
The reaction is represented as loHows: 




Example 2 

Preparation of triiodnplienolate .sodium salt 

To 25 g of triiodophenol (Aldrich) in a 250 ml round bottomed nask 
is added 100 mJ diethyl ether. 52.5 ml of 1 M sodium hydroxide i Fisher) is 
then added and the solution is stirred for I hour. The mixture is then 
rotoevaporated under reduced pressure to yield an off-brown solid which is 
used without further purification. 
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10 



15 



Example 3 

Effect of triiodophenolatc sodium sah and triiadophmol on degradation of 
magenta dye. 

! .5 equiviilents to dye or iriiodophenolaie sodium salt irom Example 
2 or 1.5 equivalents of triiodophenol is added to 5 g of standard Hewlett 
Packard magenta ink jet ink formulation (Hewlett Packard. Palo Alto. CA. 
Part No. HP 51640 M). 2% (wt/wi) of ethyl hydroxy p-cyclodexirin i.^ 
added to the ink samples. The sample is drawn down on a transparency . 
(Hewlett-Packard. Palo Alto. CA. Cat. No. HPC 3834A). The sample is 
then exposed for 10 minutes to a fusion lamp (Fusion UV Cunng Sysiem.s 
Corp., Rockville. MD, Model F300 + D-bulb) having a water cooled Pyrex 
filter. All absorbency measurements in these Examples were made on a 
Perkin-Elmer UV/VIS spectrophotometer (Perkin-Elmer Corporation. 
Norwalk. CN. Model LAMBDA- 14P). The results are .shown in the 



Time (min) 


Control 


Triiodophenolaie 


Triiodophenol 


0 


0.8 


0.87 


0.74 


10 


0.27 


0.77 


0.70 



20- 



25 



Example 4 

Effect of sodium iodide on degradation of magenta dyt. 

10 and 2 equivalents of sodium iodide are added respectively to two 
aliquois of 5 g of standard Hewlett Packard magenta ink jet ink formulation 
(Hewlett Packard. Palo Alto. CA, Pan No. HP 51640 M). 29r (wi/wt) of 
cihyl hydroxy p-cyclodexirin is added to the ink samples. The sample is 
drawn down on a transparency (Hewlett-Packard, Palo Alto. CA. Cat. No. 
HPC 3834A). The sample is then 'exposed for 10 minutes to a fusion lamp 
having a water cooled Pyrex filter. The results are shown in the I'oliowinc 
table. 
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Time (niin) 


Control 


Nal (lOeqj 


Nal (2cQ.) 


0 


OS 


0.88 


o.yi 


2 


0.55 


0.88 


0.9 


4 


0.45 


0.88 


0.85 


6 


0.37 


0.84 


0.79 


8 


0.34 


0.81 


0.73 


10 


0.27 


0.77 


0.7 



Example 5 

Effect ofimine adduct on degradation of magenta d\'e. 

1.5 equivalents of the imine adduct from Example I is added -o 5 o 
of standard Hevviett Packard magenta ink jot ink formulation ( Hew lett 
Packard, Palo Alto, CA. Part No. HP 51640 M). 29c (wt/ut) o: ethyl 
hydroxy (i-cy-clodcxtrin is added to the ink samples. The sample is drawn 
down on a transparency (Hewlett-Packard. Palo Alio. CA. Cai. No. HPC 
3834A). The sample is then expo.sed for 10 minutes to a fusion lamp 
having a water cooled Pyrcx filler. The results are shown in the following 
table. 



Time (min) 


Absorbency 


0 


0.92 


10 


0.84 



Example 6 

Effect ofimine adduct on degradation of cyan dye. 

4 equivalents or 1.5 equivalents to dye of the imine adduct from 
Example I is added to 5 g of standard Hewlett Packard cyan ink jet ink 
formulation (Hewlett Packard. Palo Alto, CA. Part No. HP 51640 C). 2% 
(wt/wt) of ethyl hydroxy 3-cyclodextrin is added to the ink samples. The 
sample is drawn down on a transparency (Hewlett-Packard. Palo Alto, CA, 
Cat. No. HPC 3834A). The samples are then exposed for 10 nrjnutes to a 
fusion lamp having a water cooled Pyrex filler. The results arc shown in the 
following table: 
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Time (min) 


Control 


I mine Adduci 
(4 cq.) 


Imine .Adduct 
I !.5 eq.i 


0 


0.83 


0.92 


0.83 


10 


0.06 


0.86 


0.52 



Example 7 

Preparation of the imine adduct of basic fuschin 

A solution of 5.0 g basic fuschin (Aldrich) and 3.2 g chalconc 
5 (Aldrich) in 300 ml of absolute cthanol with 3 drops of dimeihylamino 

eihano! is refluxed for 1 hour after which the solvent is removed to yield a 
green crystalline powder. The powder is placed under reduced pressure for 
I hour. The reaction is sumnnarized as follows, wherein the product is 
referred to as "chalcone fuschin imine": 

NH2 



10 




Example 8 

Effect of basic fuschin imine adduct on degradation of cyan ink. 

As a control, basic fuschin dye (Aldrich) is dissolved in water {I09J? 
1 5 wt/wt) and applied to an HP transparency. The imine adduci from Example 

7 is dissolved in water (10% wt/wt). 2% (wt/wi) to dye of the imine 
adduct from Example 7 is added to 5 g of standard Hewlett Packard cyan 
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ink jei ink formulation (Hewleti Packard, Palo Alto. CA. Parr No. HP 
51640 C). 29c (\v[/wt) of ethyl hydroxy P-cyclodexirin is added to the ink 
samples. The .sample is drawn down on a transparency (Hewlett-Packard, 
Palo Alto, CA. Cat. No. HPC 3834A). The sample is then exposed for 10 
minutes lo a fusion lamp having a water cooled Pyrex filter. The results are 
shown in the followins table. 



Time fniin) 


Control 


Basic Fuschin 
Adduce 


0 


0.99 


0.80 


10 


0.38 


0.7S 



10 



15 



Example 9 

Efjeci of iodide salts on dc {gradation of magenta dye. 

10 molar equivalents of sodium iodide, potassium iodide or 
tetramethylammonium iodide {(CH3)4NI) to dye arc added to 5 g of 
standard Hewlett Packard magenta ink jet ink formulation (Hewlett Packard. 
Palo Alto, CA. Part No. HP 51640 M). 2% (wL/wt) of ethyl hydroxy S- 
cyclodextrin is added to the ink samples. The sample is drawn down on a 
transparency (Hewlett-Packard, Palo Alio, CA. Cat. No. HPC 3S34A). 
The samples is exposed for 10 minutes to a fusion lamp having a water 
cooled Pvrex fiiter. The results are shown in the followinu table. 



Time 
(min) 


Control 


Nal 

(10 eq.) 


Kl 

(lOeq.) 


(CH3)4NI 
(10 ec.) 


0 


0.80 


0.96 


0.73 


0.80 


10 


0.27 


0.79 


0.47 


0.6S 



20 



25 



Example 10 

Effect of inline adduct on degradation ofma^enia dye under a xenon lamp. 

2 molar equivalents of the imine from Example 1 to dye is added to 
5 g of standard Hewlett Packard magenta ink jet ink formulation (Hewlett 
Packard, Palo Alto, CA, Pan No. HP 51640 M). 2% (wi/wt) of ethyl 
hydroxy P-cyclodextrin is added to the ink samples. The sample is draw n 
down on a transparency (Hewlett-Packard, Palo .Alio. CA. Cat. No. HPC 
3834A)- The sample is then exposed for 4.5 hours to a .xenon lamp 
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(Universal Systems, Inc.. Azuza. CA, 1000 Wati Short- Arc Lamp. Model 
LPS-255HR,). The results are shown in the followine table. 



Time (hrs) 


Control 


[mine Adduct 


0 


0.81 


0.91 


4.5 


0.33 


0.83 



10 



15 



Example 11 

Effect of the combination of triiodophenol and letramcthykifntnonium iodide 
on degradation ofmai^enta dye under a fusion lamp. 

2 molar equivalents of triiodophenol (Aldrich) lu dye and 0.5 
equivalents of (CH3}4N1 are added to 5 g of standard Hewlett Packard 
magenta ink jet ink formulation (Hewlett Packard. Palo Alio, CA. Part No. 
HP 51640 M). 27o (wi/wi) of ethyl hydroxy (i-cyclode\trin is added lo the 
ink samples, The sample is drawn down on a transparency (Hewlett- 
Packard, Palo Alto, CA. Cat. No. MPC 3834A). The samples are exposed 
for 10 minutes lo a fusion lamp having a water cooled Pyre.x niter. The 
absorbency of the transparency at zero time is 0.95 and after 10 minuies of 
exposure to the fusion lamp, the absorbency is 0.86 .showing good 
stabilizing activity. 



20 



25 



Example 12 

Eff'ect of triiodophenol on degradation of magenta dye under a fusion lamp. 
2 molar equivalents of triiodophenol (Aldrich) to dye is adnn.ixed 

(Hewlett Packard, Palo Alto. CA. Pan No. HP 51640 M). 27c (wt/wtj of 
ethyl hydroxy p-cyclodextrin is added to the ink samples. The sample is 
drawn down on a transparency (Hewlett-Packard. Palo Alto. CA, Ca:. .No. 
HPC 3834A). The samples are exposed for 10. 20 and 30 minutes to a 
fusion lamp having a water cooled Pyrex filter. The results of the test are 
shown in the followine table: 
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Time (min) 


Ab<;orbcncv 


0 0.97 


10 


0.97 


20 


0.96 


30 


0.83 



Example 13 

Eff ect of file combination of the imine adduci of basic fuschtn and sodium 
iodide on degradation ofmai^enta dye under a fusion lamp. 
5 5% wt/wi of the imine adduct of basic fuschin from Example 7 and 

1.5 equivalents of sodium iodide are admixed with 5 g of standard Hewieu 
Packard magenta ink jet ink formulation (Hewlett Packard. Palo Alto. CA. 
Pan No. HP 51640 M). 2% (wt/wi) of ethyl hydroxy P-cyclodexirin is 
added to the ink samples. The sample is drawn down on a transparency 
10 (Hewlett-Packard, Palo Alto. CA, Cat. No. HPC 3834A). The sample is 

exposed for zero and 10 minutes to a fusion lamp having a water cooled 
Pyrcx filter. The results of the test are shown in the following labie: 



Time (min) 


Absorbencv 


0 


0.83 


30 


0.83 



Example 14 

15 Effect of the combination of the triiodophenol and tetrameihylammonium 

iodide on degradation of cyan dye under a fusion lamp. 

2 equivalents of triiodophenol (Aldrich) and 0.75 equivalents of 
(CH3)4NI are added to 5 g of standard Hewlett Packard cyan ink jet ink 
formulation (Hewlett Packard, Palo Alto, CA, Part No. HP 51640 C). 2% 

20 fwi/wt) of ethyl hydroxy P-cyc!odexirin is added to the ink samples. The 
sample is drawn down on a transparency (Hewlett-Packard. Palo Alto, CA, 
Cat. No. HPC 3834A). The samples is exposed for 10 minutes to a fusion 
lamp having a water cooled Pyrex filter. The results of the test are shown in 
the following table: 



Time (min) 


Absorbencv 


0 


0.83 



52 



30 



0.83 



10 



Example 15 

Effect of stabilizers on (he viscosiry ink 

A 1/16 inch hole is drilled in a Hewlett-Packard magenta ink 
cartridge and a syringe is used to remove the ink. 2 equivalents of 
triiodophenol and 2 % wUm of ethyl hydroxy (J-cyclodextrin are added to 
the ink sample and thoroughly mixed. The admixture is then put back into 
the cartridge using the syringe. An HP 1200C printer is used and 20 to 30 
sheets are printed lo get the cartridge to print fully. The viscosity is 
compared to control (untreaicd) ink by placing it in a burette and measuring 
volume poured from the cartridge in 10 seconds. Each value is the result of 
two pourings. The following table shows that the treated ink had 



Experiment 


Control 


Additive 


1 


6.4c 


6.3e 


2 


5.42 


5.3 g 


3 


6.0 2 


6.4c 



15 Example 16 

Fade test on ink from Example 15 

The cartridge prepared in Example 15 is used to print on a 
transparency (Hewlett-Packard, Palo Alto, CA, Cat. No. HPC 3834A) so 
(hat a square inch of ink grv^ ar* ^^bsofbe^-cy rsadiag of bawetn Q.85 and 
20 0.95. The square is then cut out and exposed to a fusion lamp having a 



water cooled Pyrex filter. The results of the test are shown in the following 
table; 



Time 


Treated ( Absorbencv 


Conirol (Absorbencv) 


0 


0.97 


. 0.88 


10 


0.97 


0.83 


20 


0.96 


0.59 


30 


0.83 


0.42 
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lixample 17 

Effcc'i nf triiodophenol and letrameihylctiimionium iodide on ink. 

A hole is drilled in a Hewlett-Packard magenta ink cartridge 
{Hewlett Packard. Palo Alto. CA, Part No. HP 51640 M) and a syringe is 
used 10 remove the ink. 2 equivalents of triiodophenol and 0.5 equivalents 
of (CH3)4NI and 2% wi/wt of ethyl hydroxy p-cyclodextrin is added to the 
ink sample and thoroughly mixed. The admixture is then put back into the 
cartridge using the .syringe. The loaded cartridge is then placed in a HP 
1200C printer and 20 pages are primed to stabilize the cartridge. Squares 
are then printed on transparencies according to Example 16. The .squares are 
then cut out and exposed to a fusion lamp having a water cooled Pyrex 
filler. The results of the test arc shown in the following table; 



Time 
(min) 


Treated 
(Absorbencv 


Control 
fAhsorbcncv) 


0 


0.90 


0.88 


20 


0.85 


0.59 


30 


0.80 


0.42 
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No leakage or priming problems are observed and the cartridge is 
u.sed 10 print 205 pages with no problems. 
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Example 18 

Cartridges are prepared according to Example !5 and printed on 
transparencies according to Example 16. The squares are exposed to xenon 
lamp radiation with a Pyre.v/wmer filter. The UV ab.^orption is determined 
at the indicated times. The results of the test are shown in the following 
table: 



Time 


Treated 
(Absorbencv 


Control 
(Absorbencv) 


0 hrs 


1.13 


0.93 


23 hrs 


1.06 


0.61 


44 hrs 


1.03 


0.42 
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Example 19 

Exmnples of compounds iliai did noi significantly smbiiizc t/vo 

Using protocols similar lo those described in the previous examples, 
the following compounds were tested tor their ability -o stabilize the dyes in 
5 ink jet inks: 2.4.6-triiodobcnzoic acid, sodium salt, 6-carotene, 3,4- 

didehydroretinol (Vitamin A), ascorbic acid. 4-iodobenzoic acid, selenium 
EDTA complex and TlNUViN 936 (Ciba-Geigy Corporation"!. None of these 
representative compounds significantly stabilized an> of the dyes tested. 

10 Example 20 

Representative comhincitions ofcoforan: stabilizers 

The following table represents various combmatiuns of the desired 

colorant stabilizers that can be used to stabilize dyes. The particular 

combination that will be used will depend upon the final formulation of dye 
15 solution. The following table is not meant to be a comprehensive 

representation of all possible combinations but only meant to show 

several possible combinations. 

Nal = sodium iodide (NI) 

(CH3)4Ni = teiramcthylammonium iodide (Tl) 
20 CD=cycIodextrin{CD) 

NH; 




CI 



basic fuschin inmne adduct (BFi» 



HO>S 




N 



= sulfonic acid iminc adduct ( ASM 
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on 



I 



= iriiodophenol (TIP) 



10 



^1 — — o-CH.-cuj^cn 



iriiodophenol covalently bound lo ethylhydroxy B-cyclodextrin. n=3 (TIP- 
CD) 




HOvS 

CH=CH— C— C-0-CH,-CH,J(-CD 

sulfonic acid iminc adduct covalently bound to ethylhydroxy B-cyclodextrin. 
n=3 (ASI-CD) 

NH: 

amino sulfonic acid (ASA) 
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NI 


(CH3)4 
NI 


BFI 


BFI + 
CD 


BFI + 
Ti 


BFI + 
TI + CD 


BFI + 
NI 


TIP 


TIP-CD 


TIP + 
NI 


TIP 
+NI 
+CD 


TIP + 
TI 


TIP + 
TI + CD 


BFI + 
NI +CD 


ASA 


ASA + 
Tl 


ASA + 
TI+CD 


AS! 


ASI + 
TI 


ASI -r 

CD 


ASI + 
CD + 
TI 


Nal + 
CD 


TI 


TI + CD 


ASI-CD 


ASI-CD 
+TI 


ASI-CD 
+NI 




TIP + 
CD 


TIP-CD 


TIP-CD 
+Ni 


TIP-CD 
+ TI 








ASA + 
CD 


ASA + 
NI 


ASA + 
NI +CD 











Kxample 21 

Preparation ofTosyl Sugar 

To a 500 ml round bottom tlask fitted with a magnetic stirrer and 
condenser is placed 75 g of l.2-o-isopropylidene-D-glucofuranose 
f Aldrich) and 200 ml of anhydrous pyridine ( Aldrich). The flask is cooled 
in an icebath and then 64.8 g of p-toluene sulfonyl chloride (Aldrich) is 
added. The mixture is stored overnight and allowed to warm to room 
temperature. The solvent is removed under reduced pressure, the oil 
redissolved in ether and washed with saturated copper sulfate solution, 
dried with Mg504» and the soivem removed lo yield a hght yeik>w visco^as 
oil. The yield is 108.1 g (85%). The reaction is summarized as follows: 
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The resulting reaction product has the following reaction parameters: 
IH NMR [DMS0-d6) 7.5-8.8 (m, Tosyl-Aromaiic Hs). 1.2-1.6 
(nu sugar'.s keial CH.lsj 

5 

E-\ample 22 

Preparation ofTrimcihylphcnal Sugar 

To a 500 mi three-necked flask fitted with a magnetic stirrer, 
condenser and gas-inlet tube being continuously flushed with argon. 20.0 2 

10 of 2.4.6-trimethylphenol (Aldrich) and 150 ml of dry ictrahydrofuran 

(*THF') is placed into the flask. 4.2 g-of sodium hydride i> slowly added 
over 30 minutes and the gas evolution allowed to subside. The reaction 
mixture is stirred for 30 minutes after which 55.1 g of the tosyl suear 
prepared in Example 21 is added in 50 ml of THF. The reaction rruxture is 

1 2» stirred overnight and then reflu.ved for 60 minutes. The reaction mixture is 

then filtered and the solvent removed under reduced pressure to yield a 
brown oil The oil i.s then dissolved in 200 ml of ether and 100 ml of 2N 
sodium hydroxide solution and the mixture stirred for one hour. The 
organic layer is then separated, dried with MgS04, and the solvent removed 

20 to yield a pale*^ yellow oil. The yield is 32.1 g (62%). The reaction is 

summarized as follows: 
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CH3 



The resulting reaction product, (3aK. 6S. 6aR.)-Teirahydrt)-6- 
hydroxy-a-ltmesityloxy)methyl]-2,2-dimeihylfuro[2.3-d]-l.3-diaxo!e-5- 
meihanoK had the following physical parameters: 

IH NMR [DMS0-d6l key peaks: 7.3-6.8 (m). 4.8-3.7 (m). 2.2-2.5 

(m), i.5-i.7 (m) ppmi. 

Ma.ss Spectrum: m/e: 33S. 323. 281, 263, 265. 208. 203. 178, 149, 
136. 12K 9K 73, 69. 

Example 23 

Removal of Ketal Group 

To a three necked flask fitted with a gas inlet and outlet and oiagnctic 
stirrer, is placed 20.0 g of the trimcthylphenol sugar produced in Example 
22 and 200 ml of anhydrous THF. Dpt' HCl gas (Maiheson) is bubbled into 
the solution until the reaction mixture has a pH of 5-3 on moist Universal 
Indicator paper. The reaction was stirred at room temperature for one hour 
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and the solvent removed under reduced pressure to yield a light brown oil 
The oil was found to be highly water soluble. The reaction is summarized 
as follows: 




HCI 




^ The resulting reaction product, (25, 3ii. 4R,)-Teirahydro-5-[ 1 - 

hydroxy-2-(mesityloxy)ethyi]-2.3,4-furantrioL had the following physical 
parameters: 

IH NMR fDMS0-d(3) showed loss of kctal CH3 groups ai 1.5 to 
1.7 ppm. 

10 

Example 24 

Preparation ofTriiodophenol Sugar 

Into a three-necked round bottom flask fitted with a magnetic stirrer, 
gas inlet, and condenser, is placed 20 g 2,4,6-triiodophenol and 200 ml of 

1 3 dry THF. The flask is cooled in an ice bath and 1.2 g of sodium hydride 

added slowly over 30 minutes. The n\ixturc is then stirred for 30 minutes 
and then 15.6 g of tosyl sugar from Example 21 added in 50 mi of THF. 
The reaction is then heated 10 reflux overnight. The reaction mixture is then 
filtered and the solvent removed to yield a dark brown oil. The oil is then 

20 stirred in 200 mJ of diethyl ether and 200 ml of 2N sodium hydroxide. The 

organic layer is then separated, dried with MgS04, and the solvent removed 
under reduced pressure to yield a pale yellow oil. The yield is 21.3 g 
(76%). The reaction is surrunarized as follows: 
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ONa 

+ 




CH3 



The resulting reaction product. (3aR, 6S.. 6aR.)-Teirahydro-6- 
hydroxy-2.2-dimeihyl-a-|(2,4,6-iriiodophenoxy)niethyl)furo |2.3-dl- 1 ,3- 

dioxole-5-methanoK has the following physical parameters: 

Mass Spectrum: m/e: 529, 460. 431. 402, 358, 289, 275, 23 L 145. 
129, 73. 

Example 25 

Removal of Ketal Group 

To a 250 ml three necked round bottom flask fitted with gas inlet 
and outlet is placed 10.0 g of triiodophenol sugar produced in Example 24 
and 150 ml of anhydrous THF. Dry HCl gas is bubbled into the reaction 
mixture until the solution has a pH of 3-5 on moist Universal Indicator 
paper (Fisher). The reaction mixture is then evaporated under reduced 
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pressure to yield 8.8 g {9b%) of a pale yellow oiL The reaction is 
.summarized iis follows: 




I hr ^OH 

The resulting reaction product. (2S, 3R. 4R_)-Tetrahydro-5-[ 1 - 
5 hydroxy-2-(2.4,6-triiodophcnoxy)ethyll-2.3.4-furanirioI. has the following 

physicaJ propenies: 

Mass Spectrum: m/e: 529. 460, 347. 231. 145. 129. 73 

Example 26 

10 Fade Testing of Hewlett Packard Magenta Ink witfi Additives Prepared ifi 

the Examples Above on Neenah Bond Paper 

Three Hewlett Packard HP51640M Magenta ink cartridges (Palo 
Alto. California) are drilled with a 1/8 inch drill and the ink removed via 
syringe into a 250 ml Erlenmeyer flask. 4.8 g (2% wt/wt) C-hydroxyethyl 

1 5 cyclodextrin (American Maize) is added to the 96.7 g ink and the mixture 

shaken for 10 minutes to dissolve and disperse the cyclodextrin. Then 8.7 
g trimethylphenol sugar (3 molar equivalents, or "eq") produced in Example 
23. 19.3 g of iriiodophenol sugar (4 eq) produced in Example 25. and 5.6 g 
of Nal (2 eq). are added to the mixture and shaken and sonicated for 20 

20 minutes. The resultant mixture is then divided evenly into three aliquots, 

and one aliquot each of the resultant mixture is reintroduced into each of the 
drilled ink cartridges via syringe and filtered simultaneously through a 0.45 
^1 filler. The cartridges are then placed into a Hewlett Packard 1600C 
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printer and tesi sheets are printed out on Neenah Bond. Kjmbcriy Clark 
Corporation. Sheets number 30-32 are generated and subiected to fade 
studies against control sheets as described above, except that :he sheets are 
exposed to an Atlas Electric Devices Co. (Chicago, Illinois) Wcatherometer, 
5 Model No. CI35\V, radiance at 0.53 watts/m- at 340 nm, wherein the black 

panel is at 32°C. borosilicate filters, and the humidity is 50r; . Absorbency 
is measured after 0 and 66 hours of exposure of th^* control and 
experimental samples generated above. Absorbency is measured with a 
Ferkin Elmer UVA/isible Spectrophotometer a14B. 
10 The results of the fade studies arc shown in the labies bciow. The 

table below reports the fade study absorbancy results for the control sheet 
samples at 0 and 66 hours. 

Control Sheets 

Absorbancv at 0 and 66 hours 



Sample No. Tq T^sn 

1 1.2 O.Ou 

2 1.2 0.10 

3 1.2 0.!5 

4 1.2 0.!4 

5 1.2 0.1.'^ 

6 1.18 0.15 



1 5 The table below reports the fade .study absorbancy results for 

the experimental sheet samples generated as described above at 0 and 66 
hours. 

Experimental Sheets 

Absorbancv at 0 and 66 hours 



Sample No. Tq T^^ 

1 1.07 0.90 

2 LIO 0.vS5 

3 1.10 O.SO 

4 1-05 0.85 

5 1. 10 0.85 
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Example 27 

tcuie Testing of Hewlett Packard Mugenia Ink on Transparcncv Sheets- 

The procedure of Example 26 is repeated except that the control and 
experimental inks are printed on Hewlett Packard Premium Transparency 
HPC 3834A sheets instead of on Neenah Bond paper. The control shcci 
absorbancy values after 66 hours are 0.09 for sample I. and 0.02 for 
sample 2. The experimental ab.sorbancy value after 66 hours is 0.79 for 
sample I. 

Example 28 

Tcmns; nf Treated Paper for Reduction of Yellowing. 

The yellowing of paper is tested by dipping the paper in a solution 
as described below, dr^'ing the paper, and then expo.Mng the paper m a 
weaiherometcr for 12 hours. More particularly, the puper is placed in a 
container to soak in the solution, hung on a line in a funiehood to drip dry. 
and then oven dried as described below. 



Solution A Sodium Iodide + Sodium Thiosulfnte 

A 6.7% wt/wt sodium iodide and 10% wtAvt sodium thiosulfate 
20 solution in water is prepared. Strips of Neenah bond paper arc dipped into 

the solution and then dried in a vacuum oven at 60T tor 15 minutes. The 
paper is then placed into an Atlas Weatherometer and exposed to tiie 
following conditions for twelve hours: 0.5.^ W/m-. 50% humidity. 32"C. 

25 Solution R Sodium Iodide 

A 6.7 % wt/wt solution of sodium iodide is prepared and Neenah 
bond paper strips are dipped therein, dried, and exposed in a weatherometer 
as described above. 

Solution C Sodium Thlo<iilf.it.> 

A 10% wt/wt solution of sodium thiosulfate is prepared and Neenah 
bond paper strips are dipped therein, dried, and exposed in a weatherometer 
as described above. 
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Strips of Neenah bond paper were cut anJ exposed in a 
wcatheromeier as described above. 

The results of exposing the treated and control strips oi" paper are as 
follows: The paper treated with solution A turned yellow. The paper 
treated with solution B tunned dark yellow. The paper treated with solution 
C did not change, and rcnnained white. The control samples turned ver>' 
pale yellow. Accordingly, treating paper with sodium thtosulfatc reduces 
the amount of yellowing that occurs over lin^ie. 

Example 29 

Fade Testing of Hewlett Packard Inks Printed on Sodium Thiosidfate 
Treated Paper 

This example determines if sodium thiosulfate treated paper 
enhances the resistance to fade of Hewlett Packard Ink admixed with the 
colorant stabilizers of the present invention. 

Several sheets of Hewlett Packard premium ink jet paper are soaked 
in a 10*7^ wt/wt aqueous solution of sodium thiosulfate. and then dried in a 
vacuum oven at 60*C for 15 minutes at 0. 1 mm Hg. These sheets are 
referred to as the **ireated paper". 

The Hewlett Packard ink cartridge (magenta ink) is prepared as 
described above, by drilling a hole in the cartridge, removing the ink via a 
syringe, and placing the ink in an Erlenmeycr flasK. wt/wt of 
hydroxyethyl-B-cyclodextrin is put into the tlask. and the mixture shaken _ 
for 10 minutes. Afterwards, 3 equivalents of iriiodophenol sugar produced 
in Example 25, 4 equivalents of trimcthyiphenol sugar produced in Example 
23. and 2 equivalents of sodium iodide are added to the mixture and shaken 
for 20 minutes. It is to be understood that "equivalents"* above are molar 
equivalents to the dye in the ink. The Ink mixture is then reinjected into the 
ink jet canridge via syringe with 0.45 \i filter aiiachmeni. This cartridge is 
referred to as the additive containing cartridge. 

Test sheets are printed using control cartridges (other Hewlett 
Packard ink jet cartridges, including magenta, yellow, and cyan, without the 
above additives) and the additive containing cartridge on treated and 
untreated paper. More panicularly. treated and untreated sheets arc printed 
with Hewlett Packard magenta, yellow, and cyan ink cartridges that do not 
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contain additives. Additionally, treated and untreated sheei> are prin-cd u i:h 
Hewlett Packard yellow and cyan ink canridces that do no contain additives 
and with the additive containing cartridge that contains n'.agenta ink. The 
paper is then placed in the Atlas Weatherometer and e.xposed for 15 hours to 
5 the following conditions: 0.53 W/m- at 340 nni. 50^f humidity, 

borosilicate filters, and 32'C. 

The change in color is measured by the Xrite Colorimeter (Mode! 
938, SpectroDensitomcter. Grandviile. Michigan) which measure.s [he AE* 
values, based on the L, a=^, b* as described by Cielab. D-50-2. 
10 Visual and actual measurements show the control magenta ink on 

.untreated paper faded the most, the additive-containing magenta ink on 
untreated paper faded less, and the additive-containing magenta ink on 
treated paper barely faded at all, and faded the least. More pariiculariy. the 
AE* values are as follows: 

15 Paper Magenta Ink AE* VaJues 

Untreated Control 34.24 

Untreated Additives 20.53 

Treated Additives 11.09 

20 Percentage wise, additive containing ink is 40^- better in fade 

resistance than control ink (both on untreated paper:, and additive 
containing ink on treated paper is 68'7r better in fade resisriin^e than control 
ink on untreated paper, after 15 hours exposure. 

Examination of the % Reflectance graphs of the samples before and 

25 after fading shows that the magenta dye does not fade or its concentration 

change when the additive is present in the ink and it is printed on the treated 
paper. However, the control clearly shows loss of the dye chromophore. 
In contrast, the additive system in the ink protects the loss of dye. however 
the AE* values show that the additive system yellows somewhat upon 

30 exposure to light, hence yielding the AE* value. The treated paper therefore 

decreases this yellowing of the additive thus giving the smallest AE'' (color 
change) after 15 hours of exposure. 
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Example 30 

Fade Testing of Yellow Hewlett Packard Inks Primed on Sodium 
Thiosulfaie Treated Paper and Untreated Paper 

This example determines if sodium thiosulfaie treated paper 
5 enhances the resistance to fade ol* yellow Hewlett Packard Ink. 

The papers exposed to the Atlas Wcathcrometer in Example 29 also 
had yellow and cyan squares printed thereon in boxes nexi to the magenta 
squares. Although some of the magenta squares contained the stabilizing 
additives, all of the yellow and cyan squares did not contain the additives. 

10 Accordingly, yellow Hewlett Packard Ink is printed on both treated 

and untreated Hewlett Packard premium Inkjet paper and then exposed to 
the Atlas Weatherometer under the conditions listed in Example 29. It is to 
be understood that the treated paper is soaked in a lO^r wL^v; solution of 
sodium ihiosulfatc and dried in a vacuum oven under the cc.iditions listed in 

15 Example 29. 

The yellow ink on the wcatherometer-exposed treated paper has little 
or no fading in comparison with the yellow ink on the unexposed treated 
paper. However, the yellow ink on the weatheromeicr-exposed untreated 
paper is substantially faded in comparison with the yeliow ink on the 

20 unexposed untreated paper. Accordingly, the treated paper reduces the fade 

of the yellow ink in comparison to the untreated paper. 

Example 31 

Fade Testing of Yellow Hewlett Packard Inks Primed on Sodium 
25 Viiosulfate Treated Paper and Untreated Paper 

This example determines if sodium thiosulfaie treated paper 
enhances the resistance to fade of yellow Hewlett Packard Ink. 

Additional ink samples were printed of Hewlett Packard inks, 
including yellow ink, on treated and untreated paper using the method 
30 described in Example 29. The samples were placed in the Atlas 

Weatherometer under the conditions listed in Example 29. except that the 
samples were exposed for a total of 5 1 hours. 

Visual and color measurements (AE*) show that the treated paper 
reduces the fade of the yellow ink. More particularly, the AE* values for 
35 the vellow ink are as follows: 
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AE^ Values for AE'^ VaJues for 

Hours of Exposure Uncreated Paper Treated Pacxrr 

24 28,33 :.:9 

51 54.96 12.08 

The AE* values indicate little or no color change of the yellow mk 
on the treated paper over 5 1 hours. 



Example 32 

1 0 FaJe Testing of Cyan Hewleu Packard Inks Primed on Sodium Thiosulfate 

Treated Paper and Untreated Paper 

Samples were printed of Hewlett Packard ink.v including cvan ink, 
on treated and untreated paper using the method described in Examoie 29. 
It is 10 be understood that none of the cyan inks cunumed the siabilizinc 
additives listed in Example 29. The samples were placed in the Atlas 
Weatheromecer under the conditions listed in Example 29. except that the 
samples were exposed for a total of 51 hours. 

The treated paper had little or no effect on th: fade of the Hewlett 
Packard cyan ink in comparison to the untreated paper At 24 hours and 5 1 
20 hours of total exposure to the Weatherometer. the cyan ink faded to a similar 

extent on the treated and untreated paper. 

Example 33 

Fade Testin g Of Inks Printed On Treated Paper 

^^^^ testing of a magenta American Ink Jet ink jet formulation for a 
Canon printer is conducted as follows. The magenta ink is printed on 
cyciodextrin treated paper and sodium thiosulfate trea:ed paper, and then 
exposed for 100 hours in an Atlas Weatherometer. 

More particularly, approximately 10 ml of ink is removed from a 

30 small cartridge for a Cano.n BJC printer by use of a syringe with needle, via 

the wick plug. The following stabilizing additives are admixed with the 
magenta ink: 5% wt/wt of basic fuschin imine adduct prepared in Example 
7; 0.25 eq tetramethylammonium iodide; and 27c wDwt hydroxycthyl-y- 
cyclodextrin. The ink admixture is placed back into the canridge via syringe 

35 with a 0.45 filter. The first 15 to 20 sheets printed are discarded to ensure 
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ih:u the ink admixture is being printed on the paper to be exposed lo the 
Alias Wcatherometer. 

Sodium Thiosulfate Treated Paper 

The sodium thiosulfate treated paper is prepared as tbllows. A stock 
solution of 15g sodium thiosulfate is placed in a beaker of 150g of water 
and dissolved. The solution is placed in a Pyrex oven dish and sheets of 
Hewlett Packard Premium Inkjet paper arc placed therein, one sheet at a 
time. After the sheet has soaked in the sodium thiosulfate solution lor 3 to 4 
minutes, the sheets are removed and placed in a vacuum oven which is 
heated to 30-32'C and the vacuum of 0. 1 lorr applied for 1 5 to 20 minutes, 
producing dried sheets of paper. 

By weighing a sheet before submersion in the sodium thiosulfate 
solution, and after the dr>'ing step, the amount of sodium thiosulfate present 
on or in the paper is calculated to be approximately \2% wt/wt. 

Cyclodexirin Treated Paper 

The cyclodexirin treated paper is prepared as follows. A 10% wt/wi 
solution of hydroxyeihyl-Y-cyclodextrin is prepared, and sheets of Hewlett 
Packard Prennium ink jet paper are treated as described above. By weighing 
a sheet before submersion in the cyclodexirin solution, and after the drying 
step, the amount of cyclodexirin present on or in the paper is calculated as 
approximately 3.4%. 

A series of sheets are printed on the Canon BJC printer using the ink 
admixture prepared above or the commercially available ink for the primer 
as the control. Untreated sheets are primed (control), as well as sodium 
thiosulfate treated sheets and cyclodexirin treated sheets. The sheets are 
then exposed to light radiation for ICQ hours in an Atlas Wcatherometer 
having the following conditions: 0.54 W/m^ at 440nm irradiance; black 
panel temperature of 45*C; borosilicaie fillers: and humidity of 55%. The 
color change readings (AE*) are measured using the X-riie meter. The 
results are reported below. 
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Sample 



AH' 



Control ink on untreated paper 
Ink admixture on untreated paper 
Ink admixture on cyclodexu-in paper 
Ink admixture on thiosulfate paper 



9,3 



5.9 



47.6 



15.7 



0.6 



2.8 



O.I 



15.3 



As can be seen above, the stabilizing molecules in the ink admixture 
improve the light fastness and give a slight shift in hue of the coloruni 
therein upon exposure to radiation. However, the above data clearly shows 
that the stabilizing molecules in the ink, in combination with the ink beinc 
printed on the treated paper, significantly improves the colorants resistance 
to fade upon exposure to radiation. The cyclodextrin treated paper gave the 
colorant the greatest improvement in tight fastness, with the sodium 
thiosulfate treated paper giving the colorant the second best improvement in 
light fastness. 



Preparation of Treated Paper 

This examples describes one method of treating paper with either 
cyclodextrin or sodium thiosulfate. Hewlett-Packard premium ink jet paper 
is coated and dried to obtain flat treated paper for ink jet fade studies 
described in Examples 35 and 36. 

More particularly, the paper is coated as follows. The paper is 
rolled between two rollers that are positioned on top of each other, wherein 
the bottom portion of the bottom roller is submersed in a solution of cither 
cyclodextrin or sodium thiosulfate, and wherein a controlled amount of the 
same solution is continually dripped onto the lop ponion of the top roller. It 
is to be understood that as the paper rolls between the rollers, the paper is 
coaled on its top surface by contact with the lower ponion of the top roller 
which contains the solution thereon, and the solution continues to be applied 
to the top portion of the top roller as it rolls via contact with the paper. 
Additionally, as the paper rolls between the rollers, the paper is coated on its 
bottom surface by contact with the top portion of the bottom roller which 
contains the solution thereon, and the solution continues to be applied to the 
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lower ponion of the bottom roller (which is submersed in ihe solution) as ii 
rolls via contact with the paper. 

After the paper passes through the rollers as described above, it is 
rolled onto a steel, steam heated drum with a fabric flap to prevent the paper 
from curling as it is dried thereon. 

The y-cyciodextrin treated paper is prepared as follows. The HP 
premium paper is weighed prior to treatment. A 5(Vyc by weight aqueous 
solution of 7-cyclodextrin is prepared and applied to the top and bottom 
surfaces of the HP premium paper as described above. Al'ier the treated 
paper is dried, the paper is again weighed to yield a 1% wtAvi cyclodextrin 
content in or on the paper. 

The sodium thiosulfaie treated paper is prepared as follows. The 
HP premium paper is weighed prior to treatment. A 209r by weight 
aqueous solution of sodium thiosulfate is prepared and applied to the top 
and bottom surfaces of the paper as described above. After the treated paper 
is dried, the paper is again weighed to yield a 2^r wt/wi sodium thiosulfate 
content on or in the paper. 

These treated papers are u.sed in the fade testing studies reported in 
Examples 35 and 36. 

Example 35 

Fade Testing of Various Magenra Inks on Treated Paper 

This example reports the results of fade testing of Hewlett-Packard 
(HP), American Ink Jet (AIJ), and Canon magenta ink jet inks, either with 
or without the stabilizing additives of the present invention, on treated or 
untreated Hewlett-Packard Premium paper 

The inks having the stabilizing additives of the present invention are 
prepared as described in the above examples, wherein the ink is removed 
from the appropriate cartridge, mixed with the additives, shaken and then 
sonicated for 20 minutes, then injected into the original cartndgc via syringe 
fitted with a 0.45|J. filter. The resultant ink contains the following additives: 
5% wt/wi of the basic fuschin imine adduci prepared in Example 7: 0.25 eq 
of tetramethylammonium iodide; and 2% wt/wt hydroxyethyl p- 
cyclodextrin. 
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The magenta inks iirc primed onto HP premium paper and the treated 
paper prepared in Example 34. The Hewlett-Packard inks and the American 
Ink Jet inks are printed using a Hewlett-Packard 1600C printer and the 
Canon inks are printed using a BJC-600 printer. 
5 The sheeLs were then placed in the Atlas Weaiherometer and exposed 

for a total of 77 hours under the following conditions: 0.54 W/m^ at 
440nm, borosilicaie filters, 559c humidity, and 45X black panel 
temperature. 

The change in color of the magenta ink is measured by the Xriie 
10 Colorimeter (Model 938. SpectroDensitometer. Grandville, Michigan) 

which measures the AE* values, based on the L. a", b** as described by 
Cielab, DoO-2. The results are reported in the table below. 



Samples AE* Values 





24 Hrs. 


45 Hr.v ■ 


63 Hrs. 


77 Hrs. 


HP Ink on HP Paper 


12.5 


24.6 


41.1 


64.0 


HP Ink on CD Treated Paper 


9.1 


13.3 


20.0 


31.5 


HP Ink + Additives on HP Paper 


5.3 


9.9 


17.1 


25.0 


HP Ink + Additives on CD Paper 


7.4 


9.9 


12.3 


14.7 


AIJ Ink on HP Paper 


6.3 


12.1 


22.0 


37.0 


AIJ Ink on CD Treated Paper 


2.7 


4.3 


8.0 


13.7 


AIJ Ink + Additives on CD Paper 


1.2 


1.6 


1.7 


3.5 


Canon Ink on HP Paper 


5.6 


6.0 


7.0 


9.0 


Canon Ink + Additives on 
Thiosulfate Treated Paper 


1.6 


1.8 


2.0 


2.4 



15 

As shown above, the additives reduce fade, .ind when the ink 
containing the additives is printed on treated paper, the amount of fade is 
even funher reduced. 
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10 



15 



20 



30 



Example 36 

Fade Testing of Various Magenta Inks on Treated Paper 

This example reports the results of fade testing of Hewlett-Packard 
(HP). American Ink Jet (AIJ). and Canon magenta ink jet inks, either with 
or without the stabilizing additives of the present invention, on treated or 
untreated paper. More particularly, the paper is untreated Hew Icii-Packard 
Premium paper. Kimberly-Clark Bright White ink jet paper, or Hewlett- 
Packard Premium paper treated as described in Example 34. Three types of 
treated paper arc prepared using one of the following three aqueous 
solutions: 50% wt/wt y-cyclodextrin; 20% wi/wt sodium ihiosulfate; or 
20% wi/wt Y-cyclodextrin and 10% wt/wt sodium thiosulfatc. 

.As stated above in Example 34, the 50% cyclodexirin ireated paper 
has a 7% wt/wt cyclodextrin content in or on the paper, and the 20% 
sodium thiosulfate treated paper has a 2% wt/wt sodium thiosulfate content 
in or on the paper. The paper treated with the 20% wt/wt 7-cyclodextrin and 
10% wt/wt sodium thiosulfate solution is weighed before and after 
treatment, to yield a 4 to 5% wt/wt total content of cyclodextrin and sodium 
thiosulfate in or on the paper. 

The treated and untreated paper is printed with the additive 
containing inks prepared in Example 35 or with the corresponding non- 
additive containing inks. The HP and AIJ inks were printed from HP 1600 
cartridges using an HP 1600C printer. The Canon ink was printed with a 
BJC-600 printer. 

The sheets were then placed in the Atlas Wcatheromeicr and exposed 
for a total of 77 hours under the foiiowing conditions: 0.54 WVm- at 
440nm, 55% hunrudity. 45*C black panel temperature, borosilicate filters. 

The change in magenta color is measured by the Xrite Colorimeter 
(Model 938, SpectroDensitometer, Grandville. Michigan) which measures 
the AE* values, based on the L. a*, b* as described by Cielab, D-50-2. 



HP Inks With Additives 


Values at 


77 Hours 


Paper 






Hewlett-Packard Paper 


25.0 


13.3 


50% Cvclodexlrin 


14.7 


9.0 


20% Cvclodcxtrin/10% Thiosulfate 


15.7 


8.0 
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20% Thiosulfate 


20.4 


12.2 


Kjmherlv-Clark Brishi White 


16.0 






HP Inks (No Additives) 






Paper 


AE' 


AH* 


Hewlett-Packard Paper 


64.0 


1 1.3 


509r Cvclodextrin 


3 1 .5 


10.5 


20% Cvclodextrin/ lOC'r Thiosuitaie 


- 21.0 


10.3 


20% Thiosulfate 


27.2 


13.6 


Kimberly-Clark Bright White 


32.5 


10.8 




AIJ Inks With Additives 






Paoer 


AE' 


AH- 


Hewlett-Packard Paper 


1 1.8 


0.12 


507o Cvclodextrin 


3.5 


0.1 


20% Cyclodextrin/10% Thiosuliate 


10.0 


1.9 


20%; Thiosulfate 


1 1.4 


1.5 


Kimberiv-Clark Brieht White 


8.0 


2.0 




AIJ Inks (No Additives) 






Paper 


AE^ 


AH^ 


Hewlett-Packard Paper 


37.0 


-3.11 


50% Cyclodextrin 


13.7 


-3.7 


20% CD/iO%> Thiosulfate 


2 1 .2 


16.6 


20% Thiosulfate 


5.6 


4.0 


Kimberly-Clark Brieht While ' 


13.8 


-0.47 




Canon Inks With Additives 






Paper 


. AE*. 


AH^ 


Hewlett-Packard Paper 


8.2 


2.7 


50% Cyclodextrin 


4.3 


3.2 


20% Cyclodextrin/10% Thiosulfate 


2.4 


1.3 


20% Thiosulfate 


2.4 


0.01 
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Kimberlv-Clark Brieht White 


7.0 






Canon Inks (No Additives) 






Paper 


AEl 


AH* 


HP Paper 


9.0 


2.0 1 


209r. Thiosulfaie 


2.4 


0.1 



Example 37 

Freparation of Heat Scalable Media Products Containin g Colorant Siahii izt"- 
Additives 

Thi.s example describes ihc preparation of heat .scalable medi^ 
products containing colorant stabilizing additives of the present inventio- 
In this example, the colorant stabilizing additive is a molecular includan:. 
such as hydroxypropyl P-cyclodexirin. Heal scalable media products 
provide many uses. For example, such a media product can be constructed 
of a substrate layer such as paper, coated with at least one polymer 
coniaining the colorant stabilizing additive of the present invention. The>.e 
media products can be used as an alternative to laminating products, in order 
to provide a lightfasi and waterfast media product. 

Additionally, such media products can be heal iransier products 
described for example in U.S. Patent No. 4,863,781. U.S. Patent No. 
5.242.739 and U.S. Patent No. 5.501.902. which are hereby mcorporaie: 
by reference. Generally, heat transfer products comprise a Nubstraic layer. 
Hii-ch us paper, co^^e-d wiih ^a. leas* or.e polymer which releases u nrintabie 
material upon the application of pressure and heat. Such heat transfer 
products are commonly used for melt printing designs on articles of 
clothing, for example. Additionally, heat transfer papers have been 
developed specifically for transferring graphics printed with an ink jti 
printer. 

The thermoplastic polymers coaling one or both sides of the 
substrate layer are typically selected from polyoletlns. polyesters, eihylene- 
vinyl acetate copolymers or nylons. Additional components include 
humectants. ink viscosity modifiers, weak acids, surfactants, and binders, 
for example. 
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The present invention provides ihai r'rom about 2^ tu lO'/r. wt/wi 
molecular includant may be added to the coating polymer as a colorant 
stabilizing additive. The example below describes the production of two 
such media product coatings. The following ingredients were combined to 
make coaling Formula A: 

1 ) 217 parts water 

2) 35 pans styrene maJeic anhydride 

3) 4.4 parts 28% solution ammonia in water 

4j 88 pans 25% solution ethylene acrylic acid (available as 
MICAM PRIME from Michaeiman Inc.) 

5) 88 pans nylon copolymer 6/12. (available as ORGOSOL from Elf 
Atachem) having the formub 

6) 88 pans polyvinyl aJcohol 

7) 38 pans 30% solution hydroxypropyl B-CD 

Ail ingredients were combined in a beaker, and blended with a 
mechanical stirrer into a smooth white paste. The paste was then milled for 
further consistency. 

Suitable variations of the above formula will be apparent to those 
skilled in the art through routine experimentation. For example, in one 
alternative formulation, coating Formula B. elements 1-6 were combined in 
the same proponions, however. 456 pans 309*^ solution hydroxypropyl B- 
CD was used instead of 38 parts. .As can be seen in the results below, the 
higher molecular includant content Formula B coating produced a more fade 
resistant media product. The results suppon a range of colorant stabilizer 
additive amounts. 

The media coatings were then separately applied to a substrate. 
HP 1 600 paper, by drawing down with a zero draw down bar. The wet 
coating was then dried in a vacuum oven to produce a coated media product. 
Ink 83. prepared as described below, was then printed onto the samples. 
The ink was fused to the media coating by briefly heating at about 300 
degrees Fahrenheit for about 30 seconds. 

When vinyl is used as an underlying coating layer, such as in a heat 
transfer product, the coating can be preferably adhered thereto by the 
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addition of un inierniediaic coating layer, such as S0% wi of a poiyvmyl 
acetate and silica, mill ground for consistency. 

Printed sheets of media product from this example were placed in 
the Atlas wcatherometer and exposed for the designated number of hours 
5 under the following conditions: 0.54 W/m- at 440 nm. 55% humiditv. 

45T black panel temperature, borosilicate filters. 

The change in magenta color is measured by the Xrite Colorimeter 
(Model 938, SpectroDensitometer. Grandvilk, Michigan) which measures 
the AE* values, based on the L, a*, b* as described by Cielab. D-50-2. 
1 0 The results are reported in the tables below. 



D[ Water 


85.1 17f. 


2 Pyrrolidone 


10.00 


Giv Guard DXN 


00.20 


Cobratec 99 


00.10 


Triethanolamine 


00.50 


Reactive Red 120 


2.89 


Acid Red 52 


1.20 



Fade Testing Results of Coated Media Products 





21 Hour 


AE* 


AH* 


Sample 






B3 Ink on Formula A 
Coated Paper 


3.2 


■3.7 


B3 Ink on Formula B 
Coated Paper 


0.85 


0.07 


B3 on Control Paper 


3.7 


3.2 



/ / 

Example 38 

Preparation and Testing of Inks Containinvi Porph'mv Colorant Shihilizcrs 

This example reports the results of fade lesiing of various inks, 
either with or without the siahilizing additives of the present mvention. on 
treated or untreated paper. More particularly, the paper is untreated 
Hewlett-Packard premium paper, or treated Hewlett-Packard premium paper 
prepared using a solution of about 50% wt/wi hydroxypropyl y-cycioGextrin 
10 ink. in or on the paper in a concentration of anoui 5 to 15 wi/wi 
solution to paper. 

The stabilizing additives of this example can be porphines. 
Specifically, the porphines Cu-meso-tetra-(4-suIfanatopheny! )-porphine 
(designated CuTPPS4) and Cu-meso-tetra-(N-methyl-4-pyndyl)-porphine 
(designated CuTMPS4) (available from Porphyrin Products, inc.. Logan, 
UT) were used, which are represented by the following structures, 
respectively; 




HO3S SO3H 



and 



7S 




The invention provides ihat the metal ion Co or Cu mav be used 
interchangeably in the porphine structures of the presen: invention. 
Additional background on the cheniisir>: ofporphincs can be fotrJ in Kubat 
et al. **Photophysical properties of metal complexes of nicso-ietrakis f4- 
suiphonatophenyl) Porphyrin." Journal f^f Phoiochcmisirv and 
Phoiohiology A.Cheniistry 96 ('.996) 93-97. and references cued therein, 
hereby incorporated by reference. 

The stabilizing additive of this example can also optionally be 
dimethyl amino benzoic acid qcai (designated DMABAQ). which can be 
produced as shown in the following reaction. 
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20g 
(0.12 mole) 



O 



i- S0C12 
1 19 

14.4s 
(0.12 mole) 



CH; 

HOCH.CH,N-CH, Cr 
139.5 

Ifi.Sg 
(0.12 mole) 



10 



CH 



O CH. 

IL 1 + 

COCH.CH.N-CH, 



286.5 



cr 



Theo. 34.4 g 
Act. 27.1 g 

Into a 3 necked 500 ml. round bottomed flask fitted with magnetic 
stirrer and condenser was added 20 g (0. 1 2 moles) dimethyl amino benzoic 
acid (Aldrich) and 100 ml. of toluene. The Dean-Siark adapter was fitted 
and 80 ml. of toluene (Aldrich anhydrous grade) 14.4 g (0.12 mole) thionyl 
chloride added and the mixture heated at reflux for 2 hours. Toluene was 
then distilled off as more (100 ml.) was added. 16.8 g (0.12 molc)-of 
choline chloride (Aldrich) dried in 50 ml. of toluene {Dean Stark) was added 
and the mixture refluxed overnight. The solution was then filiered hot and 
poured into a beaker chilled in an ice bach. The DM AB AQ solid was then 
filtered and dried in a vacuum oven at 30"" ovemighi. 



80 

Printed sheei5; of paper were placed in the Aihis weaiheromeier and 
exposed for the designated number of hours under the following conditions: 
0.54 W/m- at 440 nm. 55% humidity. 45'C black panel temperature, 
borosilicatc filters. 

The chance in magenta color is measured by the Xrite Colorimeter 
(Vlodel 938. SpectroDensitomcter, Grandvillc. Michigan) which measures 
the AE* values, based on the L. a*, b^ us described by Cielab. D-50-2. 
The results are reponed in the tables below. 

The treated and untreated paper is printed with inks designated A 1 . 
A2. A3. A4, Bl, B2, B3, B4, CI. C2, C3. and C4. prepared as follows: 



Al Ink Dl Water 84.80^/f 

2 Pynrolidone KJ.OO 

Giv Guard DXN fJ0.20 

Cobratec 99 00. 10 

Triethanolamine 00.50 

Reactive Red 120 4.00 

Acid Red 52 0.40 

A 2 Ink DI Water 85.40% 

2 Pyrrol idone 10.00 

Giv Guard DXN 00.20 

Cobratec 99 00.10 

Triethanolamine 00.50 

Reactive Red 120 3. GO 

Acid Red 52 0.80 

A3 Ink * DI Water 86.00% 

2PyrTolidone 10.00 

Giv Guard DXN 00.20 

Cobratec 99 0010 

Triethanolamine 00.50 
Reactive Red 120 2.00 
Acid Red 52 i .20 



5 



10 



wo 'r':oiioo 



PCT I S96.1<)16«> 



81 



A4 Ink DI Water S().609f 

2 Pyrrol idone iO.OO 

Civ Guard DXN 00.20 

Cobratec9<;' 00.10 

Triethanoiaminc 00.50 
Reactive Red 1 20 1.00 
Acid Red 52 1 .60 

Blink DlWaicr S3.02Tr 

2 Pyrrol idone 10.00 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Trieihanoiaminc 00.50 
Reactive Red 120 5.78 
Acid Red 52 0.40 

B2Ink DI Water S4.079<: 

2Pyrrolidonc 10.00 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Trieihanolamine 00.50 
Reactive Red 120 4.33 
Acid Red 52 0.80 

B3 1nk DI Water 85.ll'7f 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobratec99 00.10 

Triethanolaminc 00.50 
Reactive Red 120 2.89 
Acid Red 52 1.20 

B4Ink DI Water 86.16% 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 
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Cnbratec 99 00. iO 

Triethanoiaminc 00.50 
Reactive Red 120 i .44 

Acid Red 52 1.50 

Clink DI Water 82.62% 

2 Pyrrol idone 10.00 

Civ Guard DXN 00.20 

Cobratec 99 00. tO 

Tricthanolarrune 00.50 

Reactive Red 120 6. IS 

Acid Red 52 o.40 

C2 ink DI Water 82.62% 

2 Pyrrol idone 10. 00 

Giv Guard DXN 00.20 

Cobratec 99 00.10 

Triethanoiamine 00.50 

Reactive Red 120 4.63 

Acid Red 52 o.SO 

C3 Ink DI Water 84.919;; 

2 Pyrrolidone . iO.OO 

Giv Guard DXN 00.20 

Cobratec 99 00.10 

Triethanoiamine 00. 50 

Reactive Red 120 3.09 

Acid Red 52 1.20 

C4 Ink DI Water 86.06% 

2 Pyrrolidone 10.00 

Giv Guard DXN 00.20 

Cobratec 99 00.10 

Triethanoiamine 00.50 
Reactive Red 120 1.54 



Acid Red 52 i (sO 

The above inks were fade tested with the follov. ing results. 



Inks Without Additive*: 



Ink ID# 


63 H 








AH- 


Al 


47.S 


7.5 


A2 


57.5 


21.6 


A.1 


oU. / 


33. S 


A4 


62.1 


43.2 








BI 


38 


-0.5-1 


B2 


46.4 


14.S 


B3 


56.3 


2S.4 


B4 


64.7 


39. 1 








CI 


69.4 


2.6 


C2 


64.3 


1 1.3 


C3 


72.4 


20.5 


C4 


83.9 


22.7 



The A2 ink was prepared wiih additives as described below and fade 
tested on HP paper and HPy-CD paper with the following results. 
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A2 Inks 15h 78h 



HP Paper 


AE* 


AH' 


AE* 


AH' 


507f DMABAQ 


65.3 


24.4 






50% DMABAQ 


62.1 


26.5 


77.1 


21.5 


0.5% CuTPPS4 + 0.5% DMABAQ 


33.2 


20.9 


40.9 


23.1 


0.5% CuTPPS4 + 0.1% DMABAQ 


34.1 


20.5 


42.6 


22.2 






! 




HP Y-CD Paper 




1 






50% DMABAQ 


4.1 


2.4 


4.9 


2 


50% DMABAQ 


6.3 


4.5 


■7.7 


5 


0.5% CuTPPS4 + 0.5% DMABAQ 


4.2 


-2.1 


5.2 


-2.5 


0.5% CuTPPS4 + 0.1% DMABAQ 


3.5 


-0.34 


5.4 


-3.1 


The A?i ink was prepared with additives as described below and fade 
tested on HP paper and HP Y-CD paper with the following results. 


B3 Inks 


15h 


7i 




HP Paper 


AE* 


AH' 


AE* 


AH* 


50% DMABAQ 


59.8 


28.2 


75.8 


26.6 






1 




0.5% CuTPPS4 + 0.5% DMABAQ 


36.2 


26 4 


43.8 


28.5 


0.5% CuTPPS4 +0.1% DMABAQ 


43.3 


28.1 


52.5 


30.3 












HP Y-CD Paper 










50% DMABAQ 


6.1 


4.9 


7.6 


5.5 


50% DMABAQ 


10.4 


8.4 


12.4 


9.7 


0.5% CuTPPS4 + 0.5% DMABAQ 


6 


-2.9 




-3.2 


0.5% CuTPPS4 + 0. 1 % DMABAQ 


4.1 


-0.69 


6.1 


-2.1 



The inks were prepared with about 0.5% CuTPPS4 stabilizing 
additive and fade tested on HP paper and HP-y-CD paper with the 
following results. 
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Inks made with i).59c CuTPPSi on HP premium paper 



SaniDles ID# 


I5H 




78H 




94H 






AE* 


AH- 


AE* 


AH'' 


AE" 


AH- 


Al 


9.6 


4.8 


34.7 


12.1 


41.6 


12. S 


A2 


14.7 


12.8 


41.8 


23.8 


48.8 


24.9 


A3 


19.6 


18.7 


42.7 


31.9 


47 ■ 


32.7 


A4 


29.6 


28.9 


51.8 


42.4 


55.5 


42.! 
















Bl 


8.2 


l.S 


30.6 


8.8 


38.2 


9.2 


B2 


8.3 


6.3 


32.3 


17.8 


37.8 


18.S 


B3 


14.9 


13. S 


39.0 


27.5 


44.5 


28.6 


B4 


25.2 


24.6 


47.7 


38.3 


51.6 


38.5 
















CI 


14.3 


-7.7! 


41.8 


8.9 


N7A 


N/A 


C2 


7.9 


-2.7 


33.7 


13.9 


N7A 


N/A 


C3 


9.2 


6.9 


37.9 


23.6 


N/A 


N/A 


C4 


23.1 


22.2 


48.6 


37.7 


.N7A 


N/A 


Inks with 0.5% CuTPI 


'Sd on Hvdroxv-ProDvl v-CD 


>aper 


Samples ID# 


i5H 




78H 




94 H 








AH- 


AE* 


AH- 


AE* 


AH' 


Al 


1.5 


-0.2 


6.6 


-3.2 


8 


-4.! 


A2 


1.2 


0.23 


4.1 


-0.8 


5.4 


-1.3 


A3 


2.8 


2.14 


5 


4.3 


5.2 


4.3 


A4 


4.9 


4.7 


10.4 


9.8 


10.2 


9.5 
















Bl 


3.1 


-1.5 


9.4 


-5.5 


1 1.2 


-6.9 


B2 


2.3 


-2.4 


7.7 


-5.2 


8.3 


-5.7 


B3 • 


1.2 


1.1 


4.1 


0.13 


4.7 


-0.79 


B4 


2.9 


2.6 


7.2 


6.3 


7.7 


6.5 
















CI 


4 


-3.3 


17.1 


-13.8 


N/A 


N/A 


C2 


3 


-2.6 


3.4 


-2.8 


N/A 


N/A 
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C3 


1.6 




5.2 


-3.3 


N7.A 


NV.A 


C4 


1.4 


I.I 


4.7 


3.5 


N7.A 


N/.A 



Additionally. HP- 1600 magenta ink was prepared with about 0.5^r 
CuTPPS4 stabilizing additive and fade tested on HP paper and HP y-CD 
paper with the following results. 

5 



15 Hour MuttiDie Samples 


Samples [D# 


AE* 




HP#1 


14.68 


13.13 


HP#2 


20.86 


19.50 


HP#3 


17.01 


15.55 


HP#4 


13.04 


11.15 


HP#5 


13.11 


10.57 


HP#6 


13.09 


1 1.10 








HPy-CD#I 


2.66 


-1.47 


HP Y-CD #2 


1.20 


-.53 


HP Y-CD #3 


2.44 


-.53 


HP Y-CD #4 


1.30 


-.47 


HP Y-CD #5 


1.74 


-.30 


HP Y-CD #6 


1.35 


-.34 


The HP- 1600 magenta ink was also prepared with about 0.57c 


CuTMPS4 stabilizing additive and fade tested on HP paper and HP v-CD 


paper with the following' results. 




15 Hour Multiple Samp 


es 




HP#1 


13.94 


11.39 


HP#2 


13.58 


11.11 


HP#3 


13.98 


11.57 


HP#4 


14.16 


11.56 
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HPy-CD #1 


2.32 


-.99 


HP7-CD #2 


1.44 


-1.05 


HPy-CD #3 


2.17 


-.67 


HP Y-CD #4 


1.98 


■1.21 i 


HPy-CD #5 


2.14 


•I.3S j 


HP Y-CD #6 


1.79 


-.85 


HP Y-CD #7 


.36 


.15 



Example 39 

Preparation of Basic Fuschin Hydrazone 

Another colorant stabilizer of the present invention is j basic fuschin 
hydrazone. prepared as follows. To a 500 ml round bottom flask, fitted 
with a magnetic stirrer and a heating mantle, was placed M) g (0.46 mole) 
phenyl hydrazine (Aldrich). 96.3 g (0.46 mole) chalconc (Aldrich), and 300 
ml. of anhydrous eihanol. The reaction mixture rctluxed overnight and then 
cooled to room temperature. A white precipitate formed and was filtered to 
yield a while solid which was washed with cold ether. 128 g (939^1 
chalconc hydrazone was obtained. This reaction is shown below. 




To a 500 ml three necked flask fitted with a condenser,. Argon 
bubbles and a magnetic stirrer, was placed 20 g (0.09 mole) 4. 4'-diamino 
benzophenone (Aldrich), 27. 1 g (0.09 mole) chalcone hydrazone (produced 
above), 10.1 g phosphorous oxy chloride (Aldrich) and 200 ml of dried 
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dioxane. The mixture was refluxcd for two days to yield u red soiution. 
The reaction mixture was chilled in an ice bath and the red precipitate filtered 
10 yield 35.2 g (78%). Addition of hexane to the solution generated an extra 
3 g The compound was purified by neutralization from ?9o eihanul in 
5 97.1% chloroform. It was also run down a column (silica gel) with 1% 

ethanol in CHCI3 to elute impurities, then the product was cluted with 10% 
ethanol in chloroform. This reaction is shown below. 




NH 

I 
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Example 40 

Freparanon and Testing of Inks on Paper Conuiininy Benzoplienone 
Colorant Stabilizer Additives 

This example repon.s the results of fade testing of magenta 
ink jei inks on Hewlett-Packard premium paper containing another 
stabilizing additives of the present invention. In panicuiar, the additive of 
this example is a benzophenone. of the general formula: 



15 



20 



25 



wherein R represents any substitueni> which permit the 
' ^ benzophenone to function as a colorant stabilizer. 

More specifically, in this example the benzophenone derivative is 2- 
hydroxy-4-meihoxy-bcnzophenone-5-sulfonic acid l-jesignated HMBPD. or 
simply U) (available from Lancaster Synthesis L:d.. Windham. NH), 
represented by the following structure: 



OCH, 




SO,H 



In addition, the colorant stabilizing additive can be a molecular 
includant, such as a cyclodextrin. The paper containmg the additives was 
prepared as follows: 

Pre-complexation of ^(;1 ditive U with R.( ;^n 

5.0g (0.02 mole) of 2-hydroxy-4.mcthcxy-benzophenone-5- 
sulfonic acid (additive U). 27.2 g (0.02 mole) B-cyc;odextrin and 136 ml 
water was placed in a beaker and stirred on a hoi-plate stirrer. The 
suspension was heated to 65'C at which point the mixture became a clear 
solution. 

Paper Coating Solution 

0.7 ml of SURFYNOL 420 surfactant and 30.0 g (0.02 mole) y-CD 
was then added to the above solution and stirred while maintaining 65T. 
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The heated clear solution was used to coat the HP Premiurn ink jet paper. 
The surface tension of the heated solution was 48-52 dyne/cm. 



Coating Papers Procedure 
5 Pre-weighed Hewlett-Packard Premium ink jet paper 

#5 1 634 Y was placed on a stack of 20 sheets of NEEN AH BOND® paper 
and a draw-down bar placed at the top of the paper. Using a Pasteur 
pipette, the hoi additives solutions were placed on the paper at the edge of 
the draw-down bar. The draw-down bar was then drawn-down on the 
10 paper sheet with light pressure to yield a wet film. The paper was then 

placed in a vacuum oven and dried under 0.1 mni Hg vacuum at 25'C for 
20 minutes. The dried paper was re-weighed and the add-on calculated. 
The sheets were then used directly for printing. 



15 



Wire Draw Down Bar# Appro.x. Add-on % 
0 3-5 
12 

24 9-20 



For testing, an Atlas Ci35 weatheromctcr controlled irradiance 
exposure system was used which provides high intensity daylight 
simulation with xenon source set at an average temperature of 63°C. an 
irradiance of LlOW/m-/nm (at 420 nm), and a humidity of 30% in an 

20 industry standard test environment (ASTM G-26 Method 3). 

Color measurement was determined by an X-Ritc 938 
Spectrodensitometer measurement and storage of full spectral cur\'es. Thjee 
measurements of each sample with averaging were performed with 
automatic calculation of CIELAB values. CIELAB calculated for D-50 

25 standard lighting conditions. The results are reported in the table below. 



70 h 





AE* 


AH* 


HP 1600 on HP Control 


70 


7 


HP 1600 on HP with B-CD(14.0%) 


30 


8 


HP 1600 on HP with y-CD (5.5%) 


30 


A 
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HP 855 on HP Control 


26 


S 


HP 855 on HP with B-CD 


1- 


4 


HP 855 on HP with y-CD (5.5%) 


9 


4 



Additional tests yielded the following results. 



15h 3( 


)h 7< 


)h 115h 200h 




AE* 


AH* 


AE' 


AH* 


AE* 


AH* 


AE- 


AH* 


AE' 


AH- 


HP 1600 
on 

HP(Conir 
ol) 


20 


13 






70 


7 


color- 
less 


color- 
less 


color- 
less 


color- 
less 


HP 1600 
on HP 
with 

Additive 
LI with 6 

and Y CD) 


5 


3 


5 


3 


1 1 


5 


13 


5 


21 


6 


HP855 on 
HPfContr 
ol) 


10 


9 






26 


8 


39 


s 


57 


8 


HP855 on 
HP with 
Additive 
U with C 
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5 Additional tests yielded the following results. 

Accelerated Fade Study of HP1600 on Coated Paper 
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5 Additional tests yielded the following results. 
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Data point not taken 

The results suggest that pre-complcxation of Additive U with U-CD 
gives superior results than when added separately. Pre-complexation of 
5 Additive U with B-CD followed by mixing with y-CD gives maximally 

superior results. Additive U when coated on HP paper without cyclodextrin 
provides some improvement. y-CD and B-CD applied separately and 
together provides some improvement in light-fsstness. 



10 



Having thus described the invention, numerous changes and 
modifications hereof will be readily apparent to those having ordinar\' skill 
in the an, without depaning from the spirit or >copc of the invention. 
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Claims 



What is claimed is: 



1 . A stabilizing composition comprising a stabilizing molecule 
represented by the formula: 



R4-C-C^^V 

II \ ^ 

N Fb 

wherein: 

R| is hydrogen, an alkyi, alkenyl. cycloalkyl. heterocycloalkyi, 
ar\'l, hetcroaryl croup, or substituted aryl group: 

R2 is hydrogen, an alkyl. alkenyl. cycloalkyl, heterocycloalkyi. 
ar\'l. heieroaryl group, or substituted ar\ l group: 

R3 is hydrogen, an alkyl. alkenyl, cycloalkyl. hcicrocycloalkvl, 
arv'l. heieroaryl group, or substituted ar>l group; 

R4 is hydrogen, an alkyl. alkenyl. cycloalkyl. heterocycloalkyi. 
' 5 ar\ K heieroaryl. or substituted arv'l group; 

R5 is an aryl, heieroaryl. polyalkene, or substituted an I group; and 
wherein Rj, R2, or R4 are an aryl. heteroaryl. or substituted aryl 

group. 

20 2. The stabilizing molecule of Claim 1. wherein the molecule 

has the formula: 

N 
II 

R^— C-CH=CH— 

wherein 

if Rl is an aryl group, then Ro is a hydrogen; heterocyclic; alkyl; 
25 aryl, or a phenyl group, the phenyl group optionally being substituted with 

an alkyl, halo, amino, or a thiol group; and 

if R2 is an aryl group, then R \ is hydrogen; heterocyclic; alkyl; ar>'l, 
or a phenyl group, the phenyl group optionally being substituted with an 
alkyl, halo, amino, or a thiol group; and 
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R3 is an ar\-'l. heteroan ], or substituted arv l group. 



3. The stabilizing molecule of Claim I. ^herein the molecule 
has the following formula: 



10 



4. The stabilizing molecule of Claim I. v.herein the molecule 
has the foUowins formula: 



<Ohh= 



r 

N 

11 

CH — C— CH, 



5. The stabilizing molecule of Claim I. uherein the molecule 
has the followine formula: 



HO,S 




N 



<;p>-cH=cH-^-<^ 



15 



6. The stabilizing molecule of Claim 1, wherein the molecule 
has the foUowing formula: 




HO3S 




N 



H=CH— C — CH-, 
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7. The stabilizing molecule of Claim I. wherein the moiecui 
has the following formula: 



HO.S 




CH=CH-CHt 



8. The stabilizing composition of Claim 1. wherein the 
composition further comprises a molecular includant. 



9. The stabilizing composition of Claim 8. wherein :he 
molecular includant is associated wqth the stabilizing molecule. 

10 

10. The stabilizing composition of Claim 9, wherein the 
molecular includant is covalcnlly bonded to the stabilizing molecule and the 
colorant. 

15 11. The stabilizing composition of Claim 9. wherein the 

molecular includant is ethyl hydroxy p-cyclodextrin. 

12. The stabilizing composition of Claim 1 , funher comprising a 
derivatized phenol having the following formula: 




wherein R\ is iodine, or an alkyl group having between 1 and 5 
carbon atoms; 

Ro is an iodine, or an alkyl group having between 1 and 5 carbon 

atoms; 
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R-5 is iodine, or an alkyi group having between 1 and 5 carbon 
atonns; and 

R4 is a sugar, poiyhydroxy compound, sulfonic acid salt 
compound, carboxylic acid sah connpound. polyethcr compound, hydrogen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cydodextrin, or derivaci7xd cyciodextrin. 

13. The stabilizing composition of Claim 12. wherein the 
derivatized phenol has the following formula: 



14. The stabilizing composition of Claim 12, wherein the 
derivatized phenol has the following formula: 



1 5. The stabilizing composition of Ciajm 1 . funhcc comprising a 
Group VII ion. 

1 6. The stabilizing composition of Claim 15, wherein the Group 
VII ion is iodide. 

17. The stabilizing composition of Claim 16, wherein the iodide 
is sodium iodide or tetramethyi ammonium iodide. 

18. A method of light-stabilizing a colorant comprising 
associating the colorant with a stabilizing composition, wherein the 
composition comprises a stabilizing molecule represented by the formula: 
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/ ■ 

R4— c-c^ V 
II \ ^ 

N R3 
I 

R5 

wherein: 

R| is hydrogen, an alkyi, aikenyl. cycioalkyl, heterocycloalkyl. 
an i. heteroan'l group, or substituted group; 
5 R2 is hydrogen, an alkyl. alkcnyl, cycioalkyl, heterocycloalkyl. 

ar\i. heteroar\'l group, or .substituted ani group; 

R3 is hydrogen, an alkyl. alkcnyl, cycioalkyl, heterocycloalkyl. 
ar> L heteroar\M group, or substituted ar\'l sroup: 

R4 is hydrogen, an alkyl, alkenyl. cycioalkyl, heterocycloalkyl, 
1 0 an l. heteroan'l. or substituted aryl group; 

R5 is an aryl, hctcroar>'l. polyalkcnc, or substituted ;ir>'l group; and 

wherein Ri, R2. or R4 are an aryl, heteroaryl, or substituted aryl 

group. 

19. The method of Claim 18, wherein the stabilizing nnolecule 
has ihc formula: 

N 
II 

R,— C-CH=CH— 

wherein 

if Rj is an aryl group, then Rt is a hydrogen; heterocyclic; alkyl; 
-0 ^"71* or a phenyl group, the phenyl group optionally being substituted with 

an aJkyl, halo, amino, or a thiol group; and 

if R2 is an aryl group, then R) is hydrogen; heterocyclic; alkyl; ar>'l, 
or a phenyl group, the phenyl group optionally being substituted with an 
aJkyi, halo, amino, or a thiol group; and 
25 R3 is an aryl, heteroaryl, or substituted aryl group. 



20. The method of Claim 18, wherein the stabilizing molecule 
has the following formula: 



V\0 20000 



I'CT L.S96/I9169 



99 



15 



N 



21. The method of Claim 18, wherein the stabilizing molecule 
has the following formula: 

N 

— CH=CH — C— CH3 

22. The method of Claim 18, wherein the stabilizing 
composition funher comprises a molecular includant. 

10 23. The method of Claim 22, wherein the molecular includant is 

covalently bonded to the stabilizing molecule and the colorant. 

24. The method of Claim 22. wherein the molecular incljdant is 
ethyl hydroxy P-cyclodexirin. 



25. The method of Claim 18, wherein the stabilization 
composition further comprises a derivatized phenol having the following 
formula: 




R3 

20 wherein R\ is iodine, or an alky! group having' between 1 and 5 

carbon atoms; 

R2 is an iodine, or an alky! group having between 1 and 5 carbon 

atoms; 
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R3 is iodine, or an alkyl group having between 1 and 5 carbon 
atoms; and 

R4 is a sugar, polyhydroxy compound, sulfonic acid salt 
compound, curboxylic acid salt compound, polyether compound, hydrogen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cyclodextrin. or derivatized cyclodexu*in. 

26. The method of Claim 25. wherein the derivatized phenol has 
the following formula: 



10 




27. The method of Claim 25. wherein the derivatized phenol has 
the following formula: 




composition further comprises a Group VII ion. 

29. The method of Claim 28, wherein the Group VII ion is 
20 iodide. ' 

30. The method of Claim 29, wherein the iodide is sodiuni 
iodide or tetramelhyl ammonium iodide. 



25 



31. A composition comprising a stabilizing molecule and a 
colorant, wherein the stabilizing molecule is a derivatized phenol having the 
following formula: 
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OR, 
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wherein R( is iodine, or an alky! group having between I and 5 
carbon atoms; 

R2 is an iodine, or an alkyl group having between 1 and 5 carbon 

atoms; 

R3 is iodine, or an alkyl group having between I and 5 carbon 
atoms; and 

R4 is a sugar, polyhydroxy compound, sulfonic acid salt 
compound, carboxylic acid salt compound, polyether compound, hydrogen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cyclodcxtrin, or derivatized cyciodexu'in. 

32. The composition of Claim 31, wherein the cyciodexirin is a- 
cyclodextrin, {J-cyclodexirin, y-cy^'lf^tlt-'-'^irir.. hydroxy propyl 3- 
cyclodcxirin, hydroxyethyl P-cyclodexirin, hydroxyethyl a cyclodcxtrin. 
carboxymethyl a cyciodexirin. carboxymethyl P cyclodcxtrin. 
carboxymcthyl y cyclodextrin, octyl succinaied a cyclodextrin, octyl 
succinated P cyclodextrin. octyl succinated y cyclodextrin. sulfated P 
cyclodextrin. or sulfated y-cyclodextrin. 

33. The composition of Claim 31. vvhercin the derivatized 
phenol has the following formula: 



34. The composition of Claim 3L wherein the derivatized 
phenol has the following formula: 
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OH u 



35. The composition of Claim 31. wherein the cyciodextrin is 
covalently bonded to the stabilizing molecule and the colorant. 

5 

36. The composition of Claim 32. wherein the cyciodextrin is 
ethyl hydroxy P-cyclodextrin. 

37. The composition of Claim 3 1 . further comprising a Group 
10 VII ion. 

38. The composition of Claim 37, wherein the Group VII ion is 

iodide. 

1 5 39. The composition of Claim 38. wherein the iodide is sodium 

iodide or tctramethyl ammonium iodide. 

40. A method of light stabilizing a colorant comprismg 
associating the colorant with a stabilizing composition comprising a 
20 stabilizing molecule, wherein the stabilizing molecule is a dcnvaiized phenol 

having the following formula: 




wherein Rj is iodine, or an alky! group having between 1 and 5 
carbon atoms; 

25 R2 is an iodine, or an alkyl group having between 1 and 5 carbon 

atoms: 
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R3 is iodine, or an alkyl group having between 1 and 5 carbon 
aioms; and 

R4 is a sugar, poiyhydroxy compound, sulfonic acid salt 
compound, carboxylic acid salt compound, polyciher compound, hydrogen, 
glucose, fructose, poiyether sugar, monosaccharide, polysaccharide, 
cyclodcxtrin. or derivatized cyclodcxtrin. 

41. The method of Claim 40, wherein the cyclodextrin is a- 
cyclodextrin, P-cyclodextrin, y-cyclodextrin. hydroxypropyl (3- 
cyclodexirin. hydroxyethyl p-cyclodextrin, hydroxyeihyl a cyclodexirin, 
carboxymethyl a cyclodextrin, carboxymethyl p cyclodextrin, 
carboxymethyl y cyclodextrin, octyl succinated a cyclodextrin. octyl 
succinaied p cyclodextrin. octyl succinated y cyclodcxtrin. sulfated P 
cyclodextrin. or sulfated y-cyclodextrin. 

42. The method of Claim 40, wherein the derivatized phenol has 
the following formula 

/-<^"' OH 



CH3 ^OH 

2^ 43. The method of Claim 40, wherein the derivatized phenol has 

the following formula: 

0CH2-CH-r^ H>OH 




hr ^OH 



44. The method of Claim 40. wherein the cyclodextrin h 
25 covalently bonded to the stabilizing molecule and the colorant. 

45. The method of Claim 42. wherein the cyclodextrin is ethyl 
hydroxy P-cyclodextrin. 
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46. The method of Claim 40, wherein the stabilizing 
composition further comprises a Group V'll ion. 

5 47. The method of Claim 46. wherein the Group VTI ion is 

iodide. 

48. The method of Claim 4", wherein the iodide i.s sodium 
iodide or tetramethyl ammonium iodide. 

10 

49. A composition comprising a stabilizing' molecule and a 
colorant, wherein the stabilizing molecule is a Group X'li :on. 

50. The composition of Claim 49, wherein ;he Group VTI ion is 

15 iodide. 

5 I The composition of Claim 50, wherein ivx iodide is sodium 
iodide or tetramethyl anfimonium iodide. 

20 52. The composition of Ci^im 49. further comprising a 

molecular includant. 



53. The composition of Claim 52, wherein the molecular 
includant is associated with the .stabilizing molecule and the colorant. 

54. The composition of Claim 53. wherein the molecular 
includant is covalenily bonded to the stabilizing molecule and the colorant. 



25 



55. The composition of CLtm 52, wherein the mioiecular 
30 includant is ethyl hydroxy P-cyclodexirin. 

56. A method of light stabilizing a coiorant comprising 
associating the colorant with a stabilizing composition comprising a 
stabilizing molecule, wherein the stabilizing molecule is a Group VII ion. 

35 
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57. The method of Claim 56. wherein ihe Group ion i> 

iodide. 

58. The method of Claim 57, wherein the iodide i> sodium 
iodide or tctramethyl ammonium iodide. 

59. The method of Ciaim 56. wherein the .siahilizinc 
composition funhcr comprises a molecular includant. 

60. The method or Claim 59, wherein the molecular includant ii 
associated with the stabilizing molecule and the colorant. 

6 1 . The method of Claim 60. wherein the molecular includant is 
covaicntly bonded to the stabilizing molecule and the colorant. 

62. The method of Claim 59, wherein the molecular includant is 
ethyl hydroxy P-cyclodexirin. 

63. A stabilizing composition comprising three stabilizing 
molecules, 

wherein the first stabiiizinn molecule i.s a dcrivatizec phenol 
represented hv the formula: 

/' 

R) 

wherein is iodine, or an alkyl group having between I and 5 
carbon atoms; 

R2 is an iodine, or an alkyl group having between 1 and 5 carbon 

atoms: 

R3 is iodine, or an alky! group having between 1 and 5 carbon 
atoms; and 
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R4 is a sugar, polyhydroxy compound, sulfonic acid sail 
compound, carboxylic acid salt compound, polyeiher compound, hydrogen, 
glucose, fructose, polyether sugar, monosaccharide, polysaccharide, 
cyclodextrin. orderivatizcd cyclodextrin; 

wherein the second stabilizing molecule is a cyclodextrin or a 
derivative thereof: and wherein the third stabilizing molecule is a Group VII 
ion. 



64. The composition of Claim 63. wherein the second stabilizing 
10 molecule is hydroxyethyl (J-cyclodextrin, and the third stabilizing molecule 

is an iodide ion. 



15 



65. The composition of Claim 64. wherein ihs derivatized 

phenol has ihe following formula: 

/CH3 
/ OH 



CH. 



^OH 



20 



25 



66. The composiiion of Claim 64. wherein the derivatized 
phenol has the following formula: 



i— <^-0 CH2 - C H 




OH 



67. A method of stabilizing a colorant comprising xssociating the 
colorant with a stabilizing composition, wherein ihc stabilizing composition 
comprises three stabilizing molecules, 

wherein the first stabilizing molecule is a derivatized phenol 
represented by the formula: 
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0R4 



R3 
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wherein R| is iodine, or an alkyl group having between I and 5 
carbon atoms; 

R? is an iodine, or an alkyl group having between 1 and 5 carbon 

atoms: 

R3 i.s iodine, or an alkyl group having between I and 5 carbon 
atoms: and 

R4 is a sugar, polyhydroxy compound, -jlfonic acid salt 
compound, carboxylic acid salt compound, polycther compound, hydrogen, 
glucose, fructose, polycther sugar, monosaccharide, polysaccharide, 
cyclodcxmn. or derivatized cyclodexuin; 

wherein the second stabilizing molecule is a cyclodextrin or a 
derivative thereof: and wherein the third stabilizing molecule is a Group VII 
ion. 

68. The method of Claim 67. wherein the second stabilizing 
molecule is hydroxyethyl P-cyclodextrin, and the third siabilizing molecule 
is an iodide ion, 

69. The method of Claim 67, wherein the denvaiized phenol has 
the following formula 



70. The method of Claim 67, wherein the derivatized phenol ha<i 
the following formula 
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OH 



71. A composition comprising an ink jet ink admixed with a 
deriv2tizcd (J-cyclodextrin. 

72. The composition of Claim 71 wherein the derivaiized p- 
cyclodextrin is an ethyl hydroxy P-cyciodextrin. 

73. A composition comprising an admixture or" a colorant, a 
liquid vehicle, and ethyl hydroxy p-cyclodcxtnn. wherein the composition 
is suitable for ink jet printing. 

74. An ink jei printer ink cartridge comprising an ink jet printer 
ink cartridge containing an ink composition comprising an admixture of a 
colorant, a liquid vehicle, and ethyl hydroxy (3-cyclodexirin. wherein the 
ink composition is suitable for ink jet printing. 

75. A method of printing comprising torming an image on a 
substrate with the composition of Claim 71. 

76. A composition comprising a stabilizing agent in or on a 
substrate. 



77. The composition of Claim 76. wherein the stabilizing agent 
25 is a reducing agent or a molecular includant. 

78. The composition of Claim 77, wherein the stabilizing agent 
is a molecular includant. 

^0 79. The composition of Claim 78, wherein the molecular 

includant is a clathratc. intercalate, zeolite, crown ether, calixarcne. 
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valinomycin type naturul unnbioiic, niyericin type namra! aniibiotic. or 
cyclic compound containing a pluraJity of pyranose rinus. 

80. The composition of Claim 79. wherein the cyclic compound 
is a-cyclodextrin. P-cyclodexirin. y-cydodextrin, 5-cyclodexirin. 
hydroxypropyl p-cyclocexirin. hydroxyeihyl p-cyclodexirin. hydroxyethyl 
a-cyclodcxirin. carboxymethyl a-cyclodextrin, carboxymethyl 3- 
cyciodexrrin. carboxymethyl y-cyciodcxirin. octyl succinaicd a- 
cyclodextrin, octyl succinated P-cyclodextrin. octyl succinaied y- 
cyclodexirin. sulfated p-cyclodexirin. sulfated y-cyciodextrin, hydroxyeihyl 
y-cyclodexirin. hydroxyisopropyl y^cyclodextrin, hydroxypropyl y- 
cyclodexirin. octyl succinate y-cyclodextrin, or carboxymeihvl y- 
cyclodextrin, 

^5 81. The composition of Claim 79, wherein the cyclic compound 

is y-cyclodextrm or hydroxyethyl y-cyclodextrin. 



10 



20 



82. The composition of Claim 77, wherein the stabilizing agent 
is a reducinc asent. 



83. The composition of Claim 82, wherein the reducing agent is 
sodium thiosulfate (Na2S203), sodium sulfite (Na2S03). cysteine, sodium 
nitrite, sodium phosphite, sodium citrate, citric acid, ascorbic acid, boron 
hydride, dithioniie, hydrazine, ihiourea-dioxidc. hydrogen sulphite. 

25 poiassium sulfite, ammonium sulfite, sodium hydrogen suifjte, potassium 

hydrogen sulfce, ammonium hydrogen sulfite, sodium triihionite, or a 
polyhydric phenol. 

84. The composition of Claim 83. wherein the reducing agent is 
30 sodium thiosulfate. 



85. The composition of Claim 76. wherein the stabilizing agent 
is a molecular inciudani and a reducing agent. 



wo 9- 20000 



rCT L596 I9169 



10 



15 



1 10 

86. A method of light-stabilizing a colorant composition, 
comprising associaimc the colorant composition with the composition of 
Claim 76. 

87. The method of Claim 86. wherein the stabilizing agent is a 
reducing agent or a molecular includant. 

88. The method of Claim 87, wherein the stabilizing agent is a 
molecular includant. 

89. The method of Claim 88, wherein the molecular includant is 
a clathraie, intercalate, zeolite, crown ether, calixarenc. vaiinomycin type 
natural antibiotic, nigericin type natural antibiotic, or cyclic compound 
containing a plurality of pyranose rings. 



90. The method of Claim 89, wherein the cyclic compound is a- 
cyclodextrin, p-cyclodextrin. y-cyclodexirin, 6-cyclodextrin, 
hydroxypropyl P-cyclodextrin, hydroxycihyl p*cyclodextrin. hydroxyethyl 
a-cyclodcxtrin. carboxymeihyl a-cyclodextrin. carboxymethyl p- 

20 cyclodexirin, carboxymeihyl v-cyclodexirin. octyl succinated a- 

cyclodextrin. octyl succinated p-cyclodexirin. octyl succinated y- 
cyclodextrin. sulfated P-cyclodcxtrin. sulfated y-cyclodextnn, hydroxyethyl 
y-cyclodextrin, hydroxyisopropyl y-cyclodexirin, hydroxypropyl y- 
cyclodextrin. octyl succinate y-cyciodcxtrin. or carboxymeihyl y- 

25 cyclodextrin. 

9 i . The method of Claim 89, wherein the cyclic compound is y- 
cyclodcxirin or hydroxyethyl y-cyclodexirin. 

30 ^ 92. The method of Claim 87, wherein the stabilizing agent is a 

reducing agent. 

93. The method of Claim 92, wherein the reducing agent is 
sodium thiosulfatc (Na2S203). sodium sulfite (Na2S03). cysteine, sodium 
35 nitrite, sodium phosphite, sodium citrate, citric acid, ascorbic acid, boron 



wo <)" :ooo(j 



PCT/IS96. 19169 



111 

hydride, dithionite. hydrazine, ihiourea-dioxide. hydrogen sulphite, 
potassium sulfite, ammonium sulfite, sodium hydrogen sulfite, potassium 
hyd roccn sulfuc, ammonium hydroucn sulfite, sodium iriihionitc. or a 
polyhydric phenol. 

94. The method of Claim 93, wherein the reducing agent is 
sodium thiosulfate. 



95. The method of Claim 86. wherein the stabilizing agent is a 
1 0 molecular includant and a reducing agent. 

96. The method of Claim 86. wherein the colorant composition 
comprises a colorant, a liquid vehicle, and a stabilizing additive. 

15 97. The method of Claim 96, wherein the stabilizing additive is 

an aryliminealkene, a molecular includant. a triiodophcnol. a iriiodophcnol 
derivative, a triarylphenol. a iriarylphenoi derivative, a Group V|[ ion. or a 
reducing agent. 

20 98. The method of Claim 97. wherein the stabilizing additive is 

an aryliminealkcne, a molecular includant, and a Group VII ion. 

99. The method of Claim 98, wherein the aryliminealkene is 
chalcone fuschin iminc, the molecular includant is hydro.xvethyi P- 

25 cyciodextrin, and the Group VII ion is iodide. 

100. A composition comprising a colorant and a stabilizing agent, 
wherein the stabilizing agent is a porphine. 



30 



101. The composition of Claim 100, wherein the porphine is Cu- 
meso-teira-(4-sulfanatophenyl)-porphine or Cu-meso-<etra-(N-methyl-4- 
pyridyD-porphine, having the following structures, respectively: 
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102. The composition of Claim 100, wherein the porphinc is Co- 
meso-tetra-(4-sulfanatophenyl)-porphine or Co-meso-tetra-(N-methyl-4. 
pyridyl)-porphine, having the following structures, respectively: 
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104. A composition comprising a colorant and a stabilizing asent, 
wherein the stabilizing agent is dimethyl amino benzoic acid quat. 
represented by the following structure: 
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CH< 




OCH,CH,N— CH, 



105. The composition of Claim 104. further comprising 
molecular includant. 
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1 06. A composiiion comprising a colorant and a stabilizing agent, 
wherein the stabilizing agent is a basic fuschin hydrazone. represented by 
the following structure: 

NH. 




1 07 A com^posiiion conxprising ^ colofsnt and -i stabilizing agent, 
wherein the stabilizing agent is a benzophenone of the general formula: 

O 



wherein R represents any substiiuents which permit the 
benzophenone to function as a colorant stabilizer. 



108. The composition of Claim 107, wherein the benzophenone is 
2-hydroxy-4-melhoxy-benzophenone-5-sulfonic acid, represented by the 
following structure: 



V\0 97,20000 



PCT US96/I9I69 



115 




SO3H 



109. The compusition of Claim lOS. further comprising n 
molecular includant. 

5 

110. The composition of Claim 109. wherein the molecular 
includant is a ciathrate, intercalate, zeolite, crown ether, calixarene, 
vaiinomycin type natural antibiotic, nigericin type natural antibiotic, or 
cyclic compound containing a plurality of pyranosc rings. 

10 

111. The composition of Claim 110. wherein the cyclic 
compound is a-cyclodextrin. (J-cyclodextrin, y-cyclodextrin. 5- 
cyclodextrin, hydroxypropyl P-cyclodextrin. hydroxycthyl P-cyclodextrin. 
hydroxyethyl a-cyclodextrin. carboxy methyl a-cyclodextrin. 

15 carboxymethyl P-cyclodextrin, carboxymethyl y-cyclodextrin, octyl 

succinated a-cyclodextrin. octyl succinated P-cyclodextrin. ocryi succinaied 
7-cyclodextrin, sulfated P-cyclodcxtrin, sulfated y-cyciodex trin, 
hydroxyethyl y-cyclodexirin, hydroxy isopropy I y-cyclodextrin. 
hydroxypropyl y-cyclodextrin. octyl succinate y-cyclodexirin. or 

20 carboxymethyl y-cyclodexirin. 



112. A method of light-stabilizing a colorant composition, 
comprising as.sociating a colorant composition with a porphine. 

25 113. The method of Claim 112, wherein the porphine is Cu- 

meso-teira-(4-sulfanatophenyl)-porphine or Cu-meso-tctra-(N-mcthyl-4- 
pyridyl)-porphine, having the following structures, respectively: 




5 



1 14. The method of claim 1 12, wherein the porphine is Co-meso- 
ietra-(4-sulfanatophenyl)-porphine or Co-meso-ieira-{N-mcthyl-4-pyridvi)- 
porphine, having the following structures, respectively: 



U O ')".-2000tt 



HCT.I S96 I9I6'» 



1 17 



HO,S 




SO,H 



HO3S 



SO:H 



or 




115. The method of Claim 1 12. further comprising associating a 
molecular includani with the colorant composition and the porphine. 



10 



116. A method of light-siabili/.ing a colorant composiiion. 
comprising associating a colorant composiiion with a basic fuschin 
hydrazone represented by the following structure: 



wo Q".:ooo() 



PCT.'LS96/I9I6'^ 



MS 




117. A mclhod of light-siabilizing a colorant composition, 
comprising associating a colorant composition with a benzophenone of the 
5 general formula: 

wherein R represents any substiiuents which permit the 
benzophenone to function as a colorant stabilizer. 

0 118. The method of Claim 1 17. wherein the benzophenone is 2- 

hydroxy-4-mcthoxy-bcnzophenone-5-sulfonic acid, represented by the 
roiiowing siTucmre. 




SO3H 



15 



1 19. The method of Claim 1 18. funher comprising associating a 
molecular includant with the colorant composition and the benzophenone. 
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